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Formal qyalification tests of the Propulsive Fuel Vent Bellows, Specification 

coat+ma %e r9#%es 
and Space AdmAnistration, Marshall Space Flight Center, the capabillty of a pro- 

duction specimen t0 meet the requirements of !Pest Control Drawing 1TO2860 

Revision E, when tested in accordance with Formal Qualification Test 

Procedure 1TO2861, Revieion C. 

The test specimen was subdected to  inspection and non-destructive environ- 

mental tests; Le., proof pressure, leakage, spring rate, f law,  repeat cycles 

consisting of pressure ana deflection a t  low temperature, sinusoidaland 

random vibration, and mechanical shock. The bellows sustained minor angular 

permanent defomation near the end of the repeat cycles post test, as reported 

in Douglas Failure and ReJection Report Al62586, which did not disqualify the 

test specimen for  subsequent testirg. Vpon completion of the  non-destructive 

environmental tests, the test specimen was pressurized internally u n t i l  it 

failed. 

The %est specimen is considered t o  have met the requirements of Test Control 

Drawing 19332860 Revision E, and t o  have satisfactorily completed tests t o  meet 

the requirements of Formal QuaUfication Test Program SM-46532, I t e m  FB-E-17 

and General Test PLan SM-41412, I t e m  Fg-E-17. -. 

DESCRIprORS 

Saturn s-IVB Ilubt 

BellOWS Propulsion S y s t e m  





This report documents, i n  compliance with contractual requirements, the resul ts  

of formal qualification tests performed on the Propulsive Fuel Vent Bellows, 

Specification Control Drawing LA87l.52-1. 

Laboratories, El Segundo, California, from December 9, 1965 through April U, 

1966. 

The tests were conducted by Wyle 

The t e s t s  were performed under the surveillance of Douglas Aircraft 

Company, Inc., Engineering Laboratories and Services. A l l  t es t ing  was witnes- 

sed by the Dcauglas Quality Control and by the  Air Force Quality Assurance 

Representatives. 
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1. INTRODUCTION 

1.1 Purpose of Test 

The purpose of the formal qua i f icat ion t e s t  is t o  demonstrate t o  the 

National Aeronautics ernd space Admtnei.traC%on, Nerr8hd.I $pace Flight 

Center, the ab i l i t y  of the Propulsive Fuel Vent Bellows, Douglas Speci- 

. 8  t 

f icat ion Control Number 3~87152-1, t o  meet the  requirements of Test Control 

Drawing, 1T02%0 Revision E, when tested according t o  Test Procedure 

Drawing 1T02861, Revision C. 

The tests were authorized under the Formal Qualification Test Program 

SM-46532, I t e m  FQ-H-17 and General 3Pest Plan a-41412, Item lQ-H-17. 

1.2 Description of "est Specimen 

The Propulsive Fuel Vent Bellows, shown photographically on paze B-1 of 

Addendum B, are t w 6  4-inch I D  convoluted sections, 3.5 inches long, Joined 

The bellows ' by a tubular section into an assembly that i s  10-inches long. 

was mounted on its next assembly, Douglas Part Number 14@'436-501, during 

t h i s  test. 

Douglas S-IVB stage of the Saturn IB/V Space Flight Vehicle. 

It i s  located on the forward s k i r t  a t  Station 615.7 of the 

1.3 Function 

7 The bellows allows thermal expansion and contraction of the fue l  vent duct 

without the generation of excessive stresses i n  the dilct or stage support 

structures. 

. .  



2.1 Test Par t  

b e  grducrtion uni t  of the Propulsive Fuel Vent Bellmi, DQughs Specii \ 

ficcrtion Control Atlmber U87152-lp Fairohi2.d Pretoltaton tal Produces 

C o b r J  P/R 41204 (P), S/N 042, wae tested, 

2.2 Test Fquipment and Instrumentation I 
The test equipment and instrumentation used during the performance of 

the formal qualification tes te  are described in paragraph 5.3.3 of 

Addendum E, and a re  i l luetrated in the photographs shown on pages. 30 

t h r o e  67 of Addendum E. The test equipment and instrumentation used 

during the test program were current i n  cer t i f icat ion and were within 

the test equipment tolerances specified i n  paragraph 3.1 of Addendum D. 

3. TESTREQUIRFSfENTS .I 

i 
Envimnmental and instrumentation tolerancee, ambient room conditons, 

gas conditions, temperature stabilization, and fai lure  definit ion are 

4. 

, specified in paragraph6 3.1 through 3.4 of Addendum D. 

TEST PROCEDURE 

4.1 mtest Inspection 

The test specimen was inspecfed i n  accordance with paragraph 5.7 of 

Addendum D. I 



4.2 Proof Pressure Test 

I?ie proof pressure t e s t  was performed i n  accordance with paragraph 5,8 

of Addendum D, using the system shown photographically on page 30 of 

Addendum E, and schemnticaljy in figure 1 Of' Addendum C. 
, e  

4.3 kakage Test 

The leakage tes t  was performed i n  accordance with paragraph 5.9 of 

Addendum D, using the  system shown photographically on pagee 32 through 34 

of Addendum E and schematically i n  figure 1 of Addendum C, 

-I_ 

4.4 Spring Rate Test 

The spring rate tes t  was performed i n  accordance with paragraph 5.14 of' 

Addendum D, using the system shown photographically on page 64 of T 
Addendum E. 

4.5 Flaw cL2P) Pest 

The f l aw  test was performed i n  accordance with paragraph 5.10 of Addendum 

D, except that 3 runs were made a t  4 pressure increments. 

t e m  is shown photographically on pages 35 through 3 of Addendum E and 

schematically i n  figure 2 of Addendum C, 

The test SYS- 

4.6 Repeat Cycle Test 

4.6.1 Pressure Cycle Test ..a 

The pressure cycle test was performed in accordance with paragraphs 5.15.1, 

5.15.2 and 5.15.3 of Addendum D, using the test system shown photographic- 

ally on page 66 of Addendum E and schematically i n  figure 3 of Addendum C. 



, 4.6.2 Deflection Cycle Test 

The deflection cycle test was performed i n  accordance with paragraphs 

5.15.1, 5.15.4 and 5.15.5, of Addendum D, using the test system shown 

photographically on pages 66 and 67 of Addendum E and schematically i n  

figure 3 of Addendum C. 

4.7 Vibration l b s t  

The vibration tes t  was perfonned i n  accordance with paragraph 5.ll of 

, I  

Addendum D, using the tes t  system shown photographically on pages 38 

through 40 of Addendum E and schematically on page 28 of Addendum E. . 

4.8 Shock Test 
e 

The shock tes t  was performed on the vibration exciters i n  accordance with 

paragraph 5.12 of Addendum D, using the tes t  system shown photographically 

on pages 38 through 40 of Addendum E and schematically on page 29 of 

j Addendum E. 

4.9 

The post vibration tes t  wa8 performed in accordance with paragraph 5.12.4 

Post Vibration and Shock Tests 

of Addendum D. 

4.10 Burst Test 

The burst test  was performed i n  accordance with paragraph 5.13 of 

Addendum D, using the tes t  system shown photographically on pages 59 

and 60 of Addendum E and schematically i n  figure 1 ofAddendum C. - 

4 . u  Post Test Inspection 

The test specimen was inspected i n  accordance with paragraph 5.16 of 

1’ Addendw. D. 

/“j 
.4’ 



5. TEST RESKLTS AND DISCUSSIOK 

5.1 Pretest - Inspection -- 

The pre tes t  inspection revealed no shipping o r  handling damage t o  the  

specimen; 
I .  

The resu l t s  of this inspection are on page 81 of Addendum E. 

The tes t  par t  (bellows) was an integral  p a r t  of the next assemBly, 

Douslas P/M lA87436-501, f o r  this t e s t ;  therefore , i t  was not possible t o  

obtain the weight of the t e s t  specimen bellows. Durin;: the post test 

inspect€on,a production part ,  lA87152-1, S/R 033, was wc5ghed and the 

weigh%, 2.7 lb, was recorded on data sheet V of Addendum A. 

5.2 Proof Pressure Test 

The t e s t  specimen, ins ta l led  i n  and restrained by f ix ture  1Tl.2844-501, 

was temperature-stabilized a t  68°F and pressurized t o  46 psig. These 

conditions were mafntained f o r  5 minutes. 

the t e s t  specimen was evident.' The r e s u l t s  o f ' t h i s  t es t  are shown on 

page 82 of Addendum E. 

No pennaaent deformation of 

5.3 Xeakage Test 

The tes t  specimen, ins ta l led  i n  and restrained %y f ix ture  lTl2844-501, 

was enclosed i n  a polyethylene bag. The bag was f i l l e d  wi th  water and 

the test  specimen was temperature-stabilized a t  68'F. The test specimen 

was pressurized t o  and held at  31 psig for 3 minutes, minimum. 

was no evidence of leakage. 

There - 
The re su l t s  of this tes t  are shown on page 

86 of Addendum E, 

i 



5.4 Spring Rate Test 

The test  specimen, i n s t a l l ed  i n  and guided by f ix tu re  lT&2844-501, was 

stabil ized a t  64°F and axially compressed 1-inch. 

compress the  be1Xws 1 inch i n  an ax ia l  d i r e c t b n  W&B 96 lber whicrh i s  

4 lbs ,  less than the requirement of 100 lbs maximum. 

The force required t o  

' 
' .  

T h e m s u l t s  of t h i s  

test  are shown on page I24 of Addendum E. 

5.5 Flow (:iAPlTest -I 

The t e s t  specimen, mounted i n  and restrained by f ix tu re  1T12@d+-5OlJ was 

ins ta l led  i n  a pre-tared flow system and subjected t o  flows of helium gas 

ranging from 1.233 t o  3,123 lb/sec a t  i n l e t  pressures ranging from 12.3 

t o  31.5 psig. Because of temperature var ia t ions i n  the flow stream it was 

nec-issary t o  determine.more points than or ig ina l ly  required m d  t o  present 

the data graphically a8 A Ps versus W - f i  rather than A P versus f l a w  (W). 

This graph is plotted on page 92 of Addendum E. 
4 

pS 
- 
ps ,/ 

!The requirement values 

were then u k d  t o  calculate W J T  - and f ind A PI which was 0.9 psid 

at an i n l e t  pressure of S lps ig ,  inlet temperature of 7O0F and a flow rate 

of 1 .5  lb/sec of gaseous helium, 

pages 90 through 96 of Addendum E, 

ps 

The results of this test are shown on 

5.6 Repeat Cycle Test 

5.6.1 Pressure Cycle. !bst 

The test specimen, i n s t a l l ed  in fixture lT l&k-5Ol ,  was subjected t o  

200 pressure cycles a t  temperatures ranging from -379" t o  -400*F and 

with a deflsct ion caused by an axial compression of 1 1/8 inches, a para- 

le1 offset  of 1 5/36 inches and an angular defbction of 4 degrees. 
1 

A 



5.6.1 Pressure Cycle Test (Cont'd) 

cycle consisted of pressurizing the specimen f r o m  zero t o  32 psig and 

venting f r o m  32 t o  eero psig. 

anent deformation durin$ t M s  oysUng, 

leak when subjeeted t o  the proof pressure and lealcage t e s t s  of paragraphs 

4.2 and 4.3, respeclively. 

83, 87, and 125 of addendum B. 

The specimen sustained no damage o r  perm- 

The speoirnn did not deform nor 

The resul ts  of t h i s  test are shown on pages 

5.6.2 Deflection Cycle Test 

The test specimen, installed i n  fixture lTU84.4-5Ol, was eubjected to 50 

deflection cycles at ambient pressure and temperature. 

of s i m u l . e o u e l y  producing with pneumatic actuators, an axial extension 

of 15/16 inch, a paral le l  offset  of 1 4/16 inches and an angular deflection 

of 4 degrees, and then returrdng the specimen t o  the: neutral position. 

A cycle consisted 

There was no damage t o  or  permanent deformation of the specimen. 

- '  
The t e s t  specimen, deflected a8 described above, was temperature-stabilized 

a t  -40O0F and pressurized t o  3.5 psig; then 150 cycles, consisting of an 

axial extension of 1 1/8 inches and return t o  15/16 inch (an additional 

extension of 3/16 inch) were performed. The specimen temperature was 

maintained a t  -379 to  -400'F. 

of the test specimen due t o  these cycles. 

There was no damage o r  permanent deformation 

Upon completion of the 200 deflection cycles the proof pressure and leak- 

age tests of paragraphs 4.2 and 4.3, respectively, were performed. 

test specimen sustained a permanent deformation after the proof pressure 

teet .  

AI,&%, 

The 

This deformation was reported on Failure and Rejection Report 

shown on pages F-1 and F-2 of Addendum F, and is shown 

t 

! 



'; 5.6.2 Deflection Cycle Test (Cont'd) 

photographically on page B-2 of Addendum B and page 3 l o f  Addendum E. 

The specimen was determined t o  be acceptabh for engineering use and 

authorization was given t o  continue testing, !&%e Leakage t e s t  w a B  per- !, 
, I  

formet and there was no evidence of leakage. ~ 

The results of these t e s t a  are shown on pages 84, 88, and 126 of addendum E. 

5.7 Vibration Test 

SinuBoidd and random vibratton ksts  were performed on the test  specimen 

in t he  S'ollowSng sequence: tangential (B), radial (A), and thrust  

(C)  axes. Accelerometers were mounted as shown photographically on 

psg3s 41 through 58,Addeud~ E. 
-. 

1 Upon completion of the  radial axis vibration,it was discovered that the 

a i s  definition of paragraph 5.11.3 of Addenrhrm D did not agree with the  

direction fihown in ftgure 5 of Addendum D. Since the requirements have 

one &vel for  the radial axis and another leve l  fo r  the tangential and 

thrust  axes# the radial axis was underteste'd. The t e s t  system had 

already been changed t o  perform the thrust  axis test; therefore, the vibra- 

t ion  i n  t h a t  axis was completed before a retest of the radial axis was 

made. This retest consisted of a sine sweep a t  1 octave per minute from 

250 t o  2000 t o  250 cps at the M -ection A levels of paragraph 5.11.4, 

of Addendum D, and a =-minute random vibration per parmraph 5.11.5, of 

Addendum D9 at the Direction A levels. 

, It was necessary t o  use a combination of automatic servo and manual con- 
1 i 

trolmode because of the required multi-shaker test setup and the 



. .  5.7 Vibration Wet (Cont'd) 

necessity of using separate power amplifiers t o  drive each shaker, Tech- 

nlcans stationed a t  each control console, reading true RMS voltmeters, 

adJuste8 the accelera.Cion level, as feedback through %he t e a t  specimen 

tended t o  cause high acceleration levels a t  the control points. For th i s  

reason,the response t o  changes i n  acceleration levels was slow and i n  

many cases the level  was allawed to exceed o r  fa l l  below the specification 

l i m i t s .  

The tangential axis sinusoidal vibration was controlled by accelerometer 

number 1 f o r  the 249 vibration exci ter  and by accelerometer number 3 fo r  

the 246 vibration exciter. Accelerometer number 2 was placed a t  a second 

input point on tM same fixture (which was driven by the 249 vibration 

exci ter)  as accelerometer number 1. Plots of Peak 0 versus Frequency 

f o r  these accelerometers are on data sheets 1-1 through 1-3 of Addendum A. 

The plot  fo r  control accelerometer number I. indicates an undertest; however, 

since accelerometer number 2 is an equivalent control location on the sme 

fixture, these plots were overlayed for comparison and indicate t h e  accelera 

t i on  level  was out of specification i n  only four narrow band areas. 

band areas are 46 t o  52 cps (2.1cf), 94 f.0 97 cps (3.W), 165 t o  170 cp8 

These 

( 2 . k ; ) ,  and 205 t o  210 cps (2.70). Plots of acceleratron levels (G peak) 

versus frequency for  response accelerometers are on data sheets 1-3 

through I-ll of Addendum A. 

. 

The random vibration was within - 3 b  or  exceeded +3db .of the specification 

level. 

from which determination of equalization was made are on pages 128 through 

The f'ull powerJ short burst  PSD (power spectral density) plots 



\ 5.7 Vibration Test (Cont 'd ) 

131 of Addendum E, 

I-12 through 1-20 of Addendum A. 

Response accelerometer F'SD plots are on data sheets 

I 

The radial axis sinusoidal vibration wa8 contro-d by accelerometer 

number of 2 for  the 249 vibration exciter and accelerometer number 3 for  

the 246 ~LWation exciter. 

input point on the same fixture (which was driven by the 249 vibration 

Accelerometer number 1. was phced a t  a second 

exciter)  as accelerometer number 1. 

these accelerometers are on data sheets SI-1 through 11-3 ( 5  t o  250 t o  

5 cps) and 11-12 through 11-84 (250 t o  2000 t o  250 cps) of Addendum A. 

!RE plot for  controlacceleromter number 2 indicates undertesting in 

Plots of Peak G versus Frequency f a r  

several areas. 

undertest area is determined t o  be of narrow frequency band and of short 

duration. 

1720 t o  1920 (2.35G). 

are on data sheets 11-4 through If-ll ( 5  t o  250 t o  5 cps) and 11-15 

through 11-22 (250 t o  2000 t o  250 cps) of Addendum A. 

was within -3db or  exceeded +3db of the specification level. 

Again using the overlay of accelerometers l a n d  2r the 

i 
These are 1305 t o  1400 cps (4.7G), 1505 t o  1515 (5.88G), and 

Response Acceleratioi Uve l  Versus Frequency plots 

The random vibration 

The fill 

powerr short burst  PSD plots from which determination of equalization was 

made are on pages 149 through 152 of Addendum E. 

PSD plots are on data sheets 11-23 through 11-31 of Addendum A. 

Response accelerometer 

As a 

matter of record,the PSD plots for equalization and reeponse accelero- 

meters are included on pages 132 through 135 of Addendum E and data sheets 

11-32 through IS-40 of Addendum A, respectively. 



5;7 Vibration Test (Cont'd) 

The thrust axis vibration ut i l ized a three-shaker system. 

used for  random vibration consisted of a 246 vibration exciter controlled. 

Tbe system . 

t rol led by an ASDE-80 equallzer/malyzer and accelerometer number 29 

and a 300 vibration exciter controlled by an ASDE-80 equalizer/analyzer 

and accelerometer number 3. 

same accelerometers t o  control the shakers through their sutomatic servo 

systems. 

the specified requirement, 

The sinusoidal vibration system used the 

Both the sinusoidal and random vibration w e r e  within o r  exceeded T 

Plots of Peak C versu8 Frequency for  the  control accelerometers are on 

data sheets 111-1 tbrough 111-3 of Addendum A. Sinusoidal response 

accelerometer plot6 are on data sheets 111-4 through 111-U. of Addendum 

A, 

equslization was m a d e  are on pages 136 through 148 of Addendum E. 

accelerometer PSD plots are on data sheets IIP-l2 through 111-19 of 

Addendum A. 

The full power, short burst PSD plot8 f r o m  which determination of 

* Response 

All vibration test setups and acceleration levels were approved by the 

cognizant Douglas Acoustics and S t r U C t U I d l  Dynamics (A & SD) repre- 

sentative at  the test site. 

5.8 Shock Test 

!l'he shock test for  each ax is  was performed on the vibration exciters upon 

completion of the sinusoidal and random excitation i n  that axis, 

graphs of the shock pulses are on data sheets N-1 through IV-6 of 

Photo- 



> 5.8 Shock lkst (Cont’d) 

Addendum A. 

in the  tangential ax18 are not discernible; however, no adJustments were 

made between t h i s  gul.se and pUse6 No, 2 mad 3; thamfore,the photographs ’ 
of pulse8 Ro. 2 and 3 verify t b  shock pulse amplitude fuza duration for 

all three pulses. 

radial axis, the 246 vibration’exciter we&’ off and no shock pulse was put 

The pulse traces (data sheet VII-1) fo r  the first shock pulse 

, ‘  
During the third shock pulse (data sheet N-3) i n  the 

iQto the specimen at  that point. 

fourth shock pulse which met the shock requirements. 

The specimy was then subjected to a 

.. 
5.9 Post Vibration and Shock Tests 

A t  t he  conclusion of all vibration and shock teste, the specimen was sub- 

jected to proof pressure, leakage, and spring rate tests. The specimen 

m e t  a. l l  the requirements of these tests, 

pages 85, 89 and 123, Addendum E. 

Data for  these t e s t s  are on 
i 

5.10 Burst Test 

The test specimen was placed in fixture l!PU8&-5Ol to restrain axial 

movement, 

67°F and then hydrostatically pressurized at  200 psig/minute u n t i l  rupture 

occurred, 

The specimen was f i l l e d  with water, temperature stabilized at  

The specimen ruptured at  471 psig which was 6 times greater 

than the  requirement, 

of the ruptured epecimen are on pages 61 through 63 of Addendum E. ~ 

Tbe data are on page 122 of Addendum E, Photographs 

The post test inspection revealed no dmage t0 t he  test specimen other 

)than that caused by the  burst test. 

page l.27 of Addendum E. 

Results of this inspection are on 

T 

r ,  
-1 

,.-~ 
< i 

..-’ 



6 .  CONCLUSIONS 

Based upon the test results presented i n  this report, the Propulsive Fuel 

Vent Bellows, .Douglas Specification Control Number U8'7152-1 has demon- 

struted that it continues t o  meet the t e a t  requiskmsnts nmessary t o  
\ 

qualify it for its intended use on the Saturn S-IVB Stage. 
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P/N lA87152-1 (9-15-64) 

TM-DSV4B-EXV-R5451-1 Douglas Aircraft Fuel Tank Vent System 
Company, Inc. (External) Vibration and 

Shock Tests (3-25-66) 

NOTE : QuaU f i c  a t  i on 
vibration asd shock 
tests for  Line item 
3-17 were performed 
as part  of the Ea-4 
system tests. 



db 

PPh 

PS 

W 

h 
PSD 

cycles per second 

decibels 

degrees Fahrenheit 

acceleration due to gravity 

Mercury 

pounds per hour 

pounds per square inch 

pounds per square inch gage 

. . ;  . . *  . _" 

, .> , *  

root mean square 

differential pressure across duct i n  psid 

static pressure i n  duct i n  psia 

weight rate of flow in U/sec 

f l o w  temperature i n  degrees Rankine 

power spectral density ' 



m~sV4B.m-~5776  
Page A-1 

DATA 
DOUGLAS AIRCRAFT COIIPANY INC. 

S I N U S O I O A L  F R E Q U E N C Y  S W E E P  

SIV-B PROPULSIVE FUEL VENT BELLOWS 
CH-17 FQI 

TEST COHDITIOHS.... 
TEST DATE............. 3-26-66 
AXIS CC EXCITATION.... 0 
PICK UP M E R  ( 1 1 . e .  1 AE27 
PICK Up RESPONSE.,..... 249 EXCITER CONTROL 
INPUT ACCEL'ePER PAGE.. - 

z 
0 
n 

c 
< 
(Y 
w 
W J  

w 
u 
u 
< 

10. 100. 

F R E Q U E N C Y  C C P S )  



DATA SKEET f-2 

S I N U S O I O A L  F R E Q U E N C Y  S W E E P  

S IV-  RQPLitSIVE FUEL VENT BELLOWS ' 

CH-I7 FQI 

3-26-66 

2 L881 
B 

F R E Q U E N C Y  C C P S I  



i 
I 

I 

DATA SHEEX! 3-3 
W U U A S  AIRCRAFT COHPANY e tNC. 

F R E Q U E N C Y  CCPSl 



W K A S  AXRCRAFT COMPANY rn INCe 

S I N U S O I D A L  F R E Q U E N C Y  S W E E P  
SIV-B PROPULSIVE FUEL VENT SELLOWS 

(ti-17 FQI 

F R E Q U E N C Y  C C P S l  



L 
DCWLAS AIRCRAFT CWPANY XNC. 

S O N U S O I B A L  F R E Q U E N C Y  S W E E P  
CAGE No.' -- 

REPORT No. 
\ 

SIV-B PROPULSIVE FUEL'VENT BELLOWS 
(H-17 F Q I  

- 

F R E Q U E N C Y  C C P S 3  



WTA SHEEZ! 1-6 
QWKAS AIRCRAFT C W P A H I  8 INC. 

c 

e 
w 
3 
u 
u 
u 
c 

S I N U S O I O A L  F R E Q U E N C Y  S W E E P  

SIV-B PROPULSIVE FUEL VENT BELLOWS 
tH-17 FQI 

3-26-66 
8 

6 RCO75 LCCEND ... 
WSMEP - 

Dcu?4sWEEP ------ 
1wfJ.o 

CI 
lw.o 

v ) .  
1 3 ;  

0 

u 

2 
0 - 10.0 

1 .o 



c 

DATA SHEEJ! 1-7 
OOUCLAS A I R C R A F T  C W P A N Y  D XNC. 

S I N U S O I O A L  F R E Q U E N C Y  S W E E P  

UEL VENT 
CH-17 FQ)  

OONFIWRATIW --- 
)KITE... S€€ PAGE - TEST CoN01TIONS.... 

rat pica UP LOCATION TEST DATE............. 
A X I S  OF EXCITATION. . . .  

LEGEND... PICK UP NUMBER f 7) 
WSMEP - PICK UP RESPONSE. . * 

WK-p ------ INPUT ACCELePER PACE.. 

3-26-66 

7 W38 
6 

F R E Q U E N C Y  C C P S I  



i 

DATA SHEET 1-8 
OOUCLIS AfRCRAFT COMPAHI INC. 

SINUSQIQAL F R E Q U E N C Y  S W E E P  

SIV-€3 PROPULSIVE FUEL VENT BELLOWS 
0-1-17 FQI 

10. 

F R E O U E N C Y  CCP 
1000. 



DATA SHEET 1-9 
DCOCLAS AIRCRAFT CWPAhT 8 INC. 

?AGE No. 
S I N U S O I D A L  F R E Q U E N C Y  S W E E P  I REPORT No. 

SIV-S PROPULSIVE FUEL VENT BELLOWS 
CH-17 FQI 

CCYIFICURATION --- 
WTE... SEE PACE - TEST COElOIfIOHS.. .. 

FOR PICK UP LOCATICN TEST DATE............. 3-26-66 
A X I S  CF EXCITATION...o B 

UCENO... PICK UP W B E R  ( S)... 9 EA55 
UPSECP - PICK UP RESWSE. . . . . .  

Kh&uWr,EP ------ INPUT ACCELePER PAGE.. _I_ 

U 

2 
0 
M 

I- 
< 

w 
0.I 
W 
0 
u 
< 

a 

E ’ Q U E N C Y  C C P S )  



c 

DATA SHEET 1-10 

W C l A S  AIRCRAFT COMPANY 8 1NCe 

.SIV-6 PROPULSIVE FUEL VENT BELLOWS 
01-17 FQI 

3 
iw.0 

,I 

10.0 

a .o 

TEST CONDITIONS.... 
TEST DATE............. 3-26-66 
A X I S  OF EXCITATION.... B 
PICK UP W E E R  ( l o ) . . .  10 EA57 
PICK UP RESWNSE, 
INPUT ACCEL-PER PAGE.. - 



v) 
a 

W 

2 
0 

b 
c 
IIY 
W 
J 
W 
u 
0 
< 

u 

DATA SREET I-U. 

OOUCLAS A I R C R A F T  CWPAPCI 8 I N C .  
?AGE IUQ. 

S 1 N U S O I O A L  F l J E N C Y  S V E E P  REPORT NO. - 
SIV-B PROPULSIVE FUEL VENT BELLOWS \ 

CH-17 F 



PWGE f40 
REPDRT NB 

I 

5! 
5! 
0 



I 

L 

'i 
/! 





i 



DATA SHEJiZ 1-16 
BRGE 
REPOflT Fa0 

I 

9 
s? 
0 

0 --, 
i 

V' 



63 
4 

# 
c 



r i 

9 
8 
13 



I 
DATA SHEXC 1-19 a5776 

0, 
8 
4 

8 
c.. 





/ '-" , 
L 

a 

DATA SHEET 11-1 
W c l A 3  AIRCRAFT CWPANY " -  

S t M U S 0 I l d ~ ~ ' -  F R E Q U E N C Y  I a: P 
PAGE No. 

REWRT No. 

TEST CCISD1TIONSe.e. 
PEST DATE............. 3-29-66 
A X I S  CF EXCITATION.... 
PICK UP NUMBER t I ) . . .  1 
PICK up RESPONSE...... 
INPUT ACCfLaPER PAGE.. - 

(5 TO 250 T O  5 C P ~ )  



DATA SHEXT 11-22 

DOUGLAS AIRCRAFT COMPANY 1 INC. 

S I M U S O I O A L  F R E Q U E N C Y  S 

PROPULSIVE FUEL.VENT BELLOWS 
CH-17 FQ) 

CCHFICURATION --- 
NOT€..- SEE PACE __ 

F a  PICK UP LKAT1C)Y 

L€CEND.. . 
. U P S E E P  ----- 
oCM4sWEEP ------ 

PAGE No. -- 
REPORT NO; 

10. 105. 

F R E Q U E N C Y  C C P S I  



- - :  DATA SHEXJ? 11-3 
. .  

W C L A S  AIRCRAFT C W P A M  0 IHC. 

I 

CI 

/’ “”.. “ v )  

U 

G I N U S Q I B A L  F R E  U E N C Y  s 
s I V-E3 PROPULSIVE FUEL VENT BELLOWS 

ZH-17 FQ3 
TEST COPIDXTXWS.... 

TEST DATE............. 3-29-66 
A X I S  of EXCITATION.... R ( 5  T6 250 TO 5 p s )  
PICK UP wm ( a... 3 
PICK UP RESPONSE. * 
INPUT ACC€L.PER PAGE.. - 246 [)?.I K R  CCIiTEOL 



DATA SIBFII' 11-4 
M X f C l A S  AIRCRAFT COHPANT e INC. 

O I O A L  F R E O U E t a C Y  S W E E P  

V- TVE FUEL VENT 
CW-17 FQI 

3-29-66 

4 
A (5 50 250 TO 5 as) 



.., . 

i 

DATA SHEET 11-5 

DOUGLAS AIRCRAFT COUPAM XNCI 

l [ N U S O I O A L .  F R E Q U E N C Y  S W E E P  

ROfalJLSIVE FUEL VENT 
CW-17 F Q I  

CONFICURAVION --- 
WTE... SEE PACE TES? C W I T I O N S . . . .  

FOR PICK UP LOCATIW TEST DATE...r........* 
AXIS Cf EXCITATION.... 

LEGEND PICK UP NUMBER ( 5) e.. 

UPSKEP - PICK UP RESPONSE...... 
m@JSMEP ------ XNPUT ACCEL*PER PAGE.. 

PAGE e. 
REPORT tb. 



DSvrCB- m-R5776 
A-26 

, 

DATA SHEElT 11-6 
OOUGLAS AtRCRAFT C W P A W  

I N U S O I O A L  F R E Q U E N C Y  

IV- OPULSIVE FUEL VENT 

8 tNC. 

ELLOWS ' 

CH-17 FQ'I 

3-29-66 

6 
k (5 TO 250 TO 5 6s) 

{-) 
'W' 

U E N C Y  C C P  



"M-DSV4%-ENV-R5n6 
Page A-27 

DATA SHEET 11-7 
DOU6LAS AIRCRAFT CWPANY 8 INC. 

S I N U S O I O A L  F R E Q U E N C Y  S W E E P  

PROPULSIVE FUEL VENT BELLCWS 
CW-17 FQI 

W I G U R A t I C n i  --- 
WYE... SEE PAGE - TEST C a J D I T I o e t S . . . .  

F a  PICK UP LOCATION TEST DATE.*.,......... 3-29-66 
A X I S  OF EXCITATION.... A (5 TO 250 70 5 BS) 

LEEEND.. . PICK UP W E E R  ( 7 1 . e .  7 

-WEEP ------ INPUT ACCA.PER PACE. .  - UPSWEEP - PICK UP RESPWSE...... 

- I' 



\ 

DATA SHE32 11-8 
WKAS AIRCRAFT COWPAM , w. 

O l O A l  F R E Q U E N C Y  S W E E P  

PROPULSIVE FUEL VENT BELLOWS 
CH-17 F Q I  

PO. 900. 

U E N C Y  r e p s ,  

- .. 
i 

. .  

,--\ 

iooo. 



DATA SHEEX‘ 11-9 
w G l A , O  A I R C G A F l  CMPANY t INC. 

O S O A L  F U E N C Y  % W E  

I v-  ROPULS I VE FUEL VENT’ BELLOWS 
CW-17 F Q I  

CONF t &A? I opi --- 
WTE... SEE PAGE - tEST C W I l I O P ( S . . . .  
Fa PICK UP LOCATION TEST DATE............. 3-29-66 

A X I S  CF E X C I T A T I W . . . .  A (5  TO 25C Tct 5 CPS) 
LEGEND. PICK Up WntxGER t SI... 9 

WSEEP - PICK UP R E S W S E . . . . . .  
W E E P  ------ IWUT ACCELePER PA=.. - 



DATA SHEET 11-10 

DWCthS A I R C R A F T  C W P A N Y  I 1%. 

O I C l A L  F R E Q U E N C Y  S W E E P  

ROQULSIVE FUEL VENT BELLOWS 
CH-17 FQI 

<-. 
I 

,--- .. 

-i 



TM-DSVlcB-ENV-R5"j'6 
Fage A - 3 1  

DATA SHEm 11-U 

I N U S O I O A L  F R E Q U E N C Y  S W E E P  

ROPULSIVE FUEL VENT BELLOWS 
CH-17 FQI 



DATA SREET 11-12 
DOUGLAS AIRCRAFT COMPANY I INCe 

S I N U S . O I 0 A L  F R E Q U E N C Y  S W E E P  

SIV-E3 PROPULSIVE FUEL VENT BELLOWS 

CONFIGURAT1ON --- REVISED 1-23-66 
NOTE.. . SEE PAGE - 

FOR !-ICK UP LOCATION 

LEGEND.. . 
UPSWEEP - 

DOWNSWEEP ------ 

P A G E  NO. 
REPORT NO. 

\ 

TEST CONDITIONS.... 
lEST DATE............. 4-06-66 
AX15 OF EXCITATIW.... A. (250 TO 2000 TC 250. Tis) 
PICK UP NUMBER ( %)* . . ’  1 
PICK UP RESPONSE...... 
INPUT ACCEL.PER PAGE.. ___ 

i o .  ioo.  

F R E Q U E N C Y  C C P S )  
1000. 



DATA s m  11-13 
DOUGLAS A I R C R A ~ T  COXP'ANY , INC. 

S I N U S O I B A L  F R E Q U E N C Y  S H E E P  

SIV-B  PROPULSIVE FUEL VENT BELLOWS 
CH-17 F 

4 

CONF&CURATION --- REVISED 7-23-66 
NOTE.. . 'SEE PAGE - 

FOR PICK UP LOCATION 

LEGEND.. . 
UPSWEEP - 

D W N S M E P  ------ 

z 
0 

c 

tx 
W 
4 
W 
0 
u 

CI 

a 

a 

10. 

PAGE NO. 
REPOR t' NO. 

TEST CONDITIONS.. 
TEST DATE............. 4-06-66 

PICK UP NUMBER ( 2) ... 2 
PICK UP RESPONSE. * * 245 LXCI TER CCpIITAOL 
INPUT ACCEL-FER PAGE.. - 

AXIS OF EXCITATION.... A (250 ro 2C.00 TO 250 PS) 

100. 

F R E Q U E N C Y  C C  

u 1000. 



DATA SHEET 11-14 
DOUGLAS AIRCRAFT COMPANY 8 INC. 

c 

S I N U S O I O A L  F R E Q U E N C Y  S 

SIV-B PROPULSIVE FUEL VENT BELLOWS 
CH-17 FQI 

CONPIGURATXON *-- REVISED 7-ZJ-66 
NOTE... SEE PACE - 

FOR PICK UP LOCATION 

LEGEND.. . 
UPSWEEP - 

D W N S M E P  ---. -- 
1000 .0 

% 

100.0 

i 

10.0 

1.0 

0 . i  

PAGE NO. 
REPORT NO. - 

TEST CONDITIONS.... 
TEST DATE............. 4-06-66 
AXIS OF EXCITATION.... 
PICK UP NUMBER ( 3) .. . 3 
PICK UP RESPONSE...... 

4 (250 TO 2CCC To 250 0 s )  

246 EXC.1 T‘ER I;i;ii’rFCt 
INPUT ACCEL-FER PAGE.. - 

10. 100. 1000. 

F R E Q U E N C Y  C C P S I  



c 
< 

w 
il 
W 
0 
u 
< 

DATA s m  11-15 
DOUGLAS AIRCRAFT COMPANY @ INC. 

S I N U S O I D A L  F R E Q U E N C Y  S W E E P  

SIV-E? PROPULSIVE FUEL VENT BELLOWS 

CONFSCURATSON --- REVISED ?-e346 
NOTE.. .' SEE PAGE - 

FOR PICK UP LOCATSON 

LEGEND. . 
DOWNSMEP ------ UPSWEEP - 

%O. 

PhGE NO. 
REPORT Ho. 

TEST CONDSTIQNS.... 
TEST DATE. ...,........ 4-06-66 
A X I S  C6 EXCITATIW.... 
PICK UP NUMBER ( 4). .. 4 
PICK UP RESPONSE...... 

(250 TO 2000 To250 cps) 

INPUT ACCEL-PER PAGE.. - 

iao.  

F R E Q U E N C Y  C C P S 3  
POOO. 



DATA SKEET 11-17 
DOUGLAS AIRCRAFT COMPANY XNCe 

S I N U S O I D A L  F R E Q U E N C Y  S 

SIV-B PROPULSIVE FUEL VENT BELLO 
cw-17 FQI 

CONFIGURATION --- REVISED 1-23-68 
NOTE... SEE PAGE - 

FOR PICK UP LOCATION 

LEGEND.. 
UPSWEEP - 

D W N S M E P  ------ 
1000.0 

n 

v) 

c3 

100.0 

- - 

U 

;E 

10.0 
Y 

c 
a 

W 
A .' 

u 
u 

a 

u .  

.c 1.0 

0.1 

PAGE NO. 
REPORT NO. 

TEST CONDITIONS.... 
TEST DATE............. 4-06-66 
A X I S  OF EXCITATI ON.... 
PICK UP NUMBER ( 6) . e .  ' 6 
PICK UP RESPONSE...... 
INPUT ACCEL.PER PACE.. - 

A (259 TO 2000 TO 250 0's) 

10. 100. 

F R E Q U E N C Y  C C P S I  
1000. 



I 

c 

DATA SHEE1? 11-18 
DOUGLAS AIRCRAFT COMPANY 1 INC. 

S I N U S O I O A L  F R E Q U E N C Y  S W E E P  

SIV-&I PROPULSIVE FUEL VENT BELLOWS 
CH-17 FQ3 

CONFItURATION --- REVISED 7-23-66 
NOTE... SEE PAGE __ 

FOR PICK UP LOCATION 

LEGEND.. . 
UPSWEEP - 

DWNSWEEP ------ 

IO. 

PAGE NO. 
REPORT NO. 

TEST CONDITIONS.... 
TEST DATE............. 4-06-66 

PICK UP NUMBER ( 7 )  ... 7 
PICK UP RESPWSE. ..... 
INPUT ACCEL.FER PAGE.. ~ 

AXIS OF EXCITATION.... k (250 TO 2000 M 250 CPS) 

100. 

F R E Q U E N C Y  C C P S I  
1000. 

,/ - 
.. 

,.-._ 
,’ 



DATA SBIBT 11-19 
DOUGLAS AIRCRAFT COMPANY n INC. 

S I N U S O I O A L  F R E Q U E N C Y  S W E E P  

S I V - B  PROPULSIVE FUEL VENT BELLO 
CH-19 F Q I  

CONFIGURATION --- REVISED 7-23-66 
NOTE.. . 'SEE PAGE - 

FOR PICK UP LOCATION 

LEGEND.. . 
UPSMEP - 

DOWNSWEEP - ----- 
1000.0 

-* 100.0 

cn 
c9 
- 

U 

z 
O 10.0 
Y 

I- 
< 
Q: 
W 
A n '  

w, 
c) 
u 

1.0 

0.1 

.PAGE NO. 
REPORT NO. 

TEST CONDITIONS. 4 . .  

TEST DATE.. ............ 4-06-66 
AXIS OF EXCITATION.... A (250 TC. 2000 TO 250 vs )  
PICK UP NUMBER ( 8 ) .  .. d 
PICK UP RESPONSE...... 
INPUT ACCEL-PER PACE.. - 

1 II 
IO. 100. %OD0 D 

F R E Q U E N C Y  C C P S I  



, DATA SHEET 11-20 
DOUGLAS AIRCRAFT COMPANY 3 INC. 

S I N U S O I O A L  F R E Q U E N C Y  S W E E P  
PAGE NO. 

REPORT NO. 

SIV-B PROPULSIVE FUEL VENT SELLOWS 
[H-17 FQI 

CONPICURATION --- REVISED T-23-68 
NOTE... SEE PAGE - TEST CONDITIONS.. . .  

FOR PICK UP LOCATION TEST D A T E . . . . . . . . . . . . .  4-06-66 
AXIS OF EXCITATION.... A (%so Tc! 2000 fo 250 @s) 

L ~ G C N D : .  . PICK UP NUMBER ( 9).  9 
UPSWEEP - PICK UP RESPONSE.. . . . .  

DQWNSWEEP -- ---- INPUT ACCEL-PER PACE.. - 

10. 100. 

F R E Q U E N C Y  CCPS3 
1000. 



/ 

i 

-. 

DATA SHEET 11-21 
DOUGLAS AIRCRAFT COMPANY 8 INC.  

S I N U S O X O A L  F R E Q U E N C Y  S 

SIV-B PROPULSIVE FUEL VENT kELL0WS 
CM-17 F Q I  

PAGE NO. 
REPORT NO. 

CONFXGURATION --- REVISED 7-23-66 
NOTE... SEE PAGE. - . TEST CONDITIONS.. .. 

FOR PICK UP LOCATION TEST DATE............. 4-06-66 
AXIS OF EXCITATION.... . :+ (255 TO 2CG@ TQ 250 8 

LEGEND -. . PICK UP NUMBER (10). .. 10 
UPSWEEP - ’ PICK UP RESPONSE...... 

DOWNSMEP ------ INPUT ACCELSFER PAGE.. - 

10. 100. 1000. 

F R E Q U E N C Y  C C P S 3  
I’ 



DATA SIlEET II-22 
DOUGLAS AIRCRAFT COUPANY I IHC. 

S I N U S O I D A L  F R E Q U E N C Y  S Y E E P  
SIV-B PROPULSIVE FUEL. VENT BELLaws 

CH-1’7 F Q I  
CONFIGURATION --- REVISED 7-23-66 
NOTE... SEE PACE - 

FOR PICU UP LOCATIW 

LEGEND.. . 
UPSWEEP - 

DOWNSWEEP ------ 

TEST CONDITIONS.. .. 
TEST DATE............. 4-06-66 
AXIS OF EXCITATION.... A (250 TO 2000 To 250 BS) 
PICK UP NUMBER (11) ... 11 
PICU UP RESPONSE...... 
INPUT ACCEL-PER PACE.. .A, 

10. 100. 

F R E Q U E N C Y  C C  
1000. 



/ 
L 

i 
\ 

s 



. 





PRGE ria 
REPDRT rCJ8 

I 



\ 
\r 



0"Q e 



s 
a 
f) 
d 

a 
9 





s 

c 



c 





PRGE C. 

REPClRT NB 
I 

ROTO" 





I 

1 i 
I 

I 
j 
i 
! 

! 
! 



QU" I 

.. 

R 
Kl 
rJ 







c 





4-04-66 

2 
335 E X C I T E 3  GNTFlOe 

C 



TM. ~sv4R m - ~ 5 7 7 6  
B A-63 

DATA SHEET 111-3 
OQUKIS AIRCRAFT CWPANI b Inc. 

S I N U S O I D A L  F R E O U E N C Y  S W E E P  
SIV- TVE FUEL VENT LLOW 

*dHt-17 F 

F 



'DATA SBECT 111-4 

W K A S  A I R C R A F T  CWPANT INC. 

S l N k l S O I O A L  F R E Q U E N C Y  S W E E P  

SIV-€3 PROPULSIVE FUEL VENT BELLOWS 

ICUliATION --- 
PmE... SEE PAGE - 

FOR PICK UP LOCATION 

1000. 



DATA 111- 5 

i 

DOUGLAS AIRCRAFT CWPANT D INC. 

S I N U S Q I O A L  F R E  U E N C Y  s 
SI Q-€3 PROPULSI VE FUEL VENT BELLOWS 

PO47 FQ I 
TEST CONDITIONS. . . 

WSr DATE............. 4-04-66 
AXXS Os EXCITATIW.... C 
PICK w HUMDER ( S)... 5 
PICU UP RESPONSE...... 
PWUT A C C a e P E R  PAW.. - 



DATA S m  111-6 

DOUGLAS AIRCRAFT COblPAW B IWCI 

S I M b S O t O A C  F R E Q U E N C Y  S 

PROPULSIVE FUEL VENT BELLOWS * 

H-17 FQI 
CCWItURATIO)( --- 
IhOTE... SEE PAGE - TEST COHDITXONS.... 

?OR UP LOCATION TEST DATE............. 4-04-66 
AXIS  OF EXCITATION.. C 

LEKXO... PICK UP NUMBER ( 6 ) e . a  6 
WSWEP - r i a  UP RESPONSE...... 

W W i s U E E P  ------ IWUT ACCELaPER PAGE.. - 



!EM- DSVtE EEJV- R5776 
Page A-67 

DATA s m  111-7 
-AS ASRCRAFT CWPAXY 8 Xt iCa  

I A I U S O I O A L  F E O U E N C Y  S W E E P  
\ 

lowI .o 

c.. 
100.0 

W 

z 
0 - 10.0 

Lal 
s 
prl 
e, 
0 

1.0 

Q.8 



DATA S m  111-8 

.e- 



'. -1 

DiDA SHEJB! 111-9 

ROPULSIVE FUEL VENT BELLOWS 

PES? COMDITIOMS.... . 
TEST DATE............. 4-04-66 
A x r s  OF EXCITATIW.... C 
PICK up &WEER 4 9)... 9 . 
PICK UP RESFONSE...... 
IWUT kCCELePER PAGE.. - 

I. , .. 



1 

! 



,,.- -, 
i 

. i 

&#NKIS AIRCRAFT C W P A M  D INC. 

I v- OPULSIVE FUEL VENT BE 
0-0- 



A-72 
PWCE 
REP T1R 

1 



I 





I 





....................... , .'- ------..*. . s , . U y l  ...... . 

.F .... ..I::.. 

4 : : : I : : :  ; 
. . . . . . .  

-- 





7 '7 I 
P 1y G F 3 Y t' 

OQEOO" mma= 



MISSILE eC SPACE S Y S W  - -D,V,S,ON MODEL. DSV-4B CHECKED B Y :  

DATE:-.-- __ 
TITLE: -- 

___- _-___ 3-26-66 - 
(FQ- Ii- 17 ) 

___I__ __ . ~ __ REPORT NO.: BELLOWS PROPULSIVE VENT 

SHOCK PULSE 5769-6404 
27554 
1~2861 13 AXIS 

5 G' s /DIVISION 

5 MSEC/DIVISION 

10 G' s / D I V I S I O N  

5 MSEZ/DIVISION 

246 

.., ~. ... ._". .. .,,.. . 

249 

10 C ' s / D M S I O N  

5 MSFX/DMSION .I .... , . 



c- 
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PRESSURE 
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Figure 1. Leakage, Proof, and Burst Test, Schematic Diagram 
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Figure 2, Flnw Teat, Schematic Diagram 
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Ax'IAL -I b 

_I 
ORIGINAL LENCTH 

-AXIAL COMPRESSION 

NUIE: W I T H  POINT B FIXED, DEFLECTIONS AND LOADS SHALL BE APPLZED 
AT POINT A TESTING THE BETJAXJS ASSEMBLY OI'JLY, RESTRAINT 
SHALL BE APPLJED AT POIN!l?S A AND B FOR STRUCTURAL TESTS, 
TBE BELTmS SHAU REMAIN A PART OF THE TEST SPECIMEN ASSENBLY, 

Figure h , Bellows Def lectiou Definition 
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I 

1.1 Object ive 

The purpose of t h e  Formal Q u a l i f i c a t i o n  T e s t  is t o  f o r m a l l y  
demonst ra te  t o  t h e  N a t i o n a l  Aeronau t i c s  and Space Adminis- 
t r a t i o n ,  Marsha l l  Space F l i g h t  C e n t e r ,  t h e  a b i l i t y  of t h e  
P r o p u l s i v e  F u e l  Vent Bellows, Douglas p a r t  number 1A87152-1, 
t o  meet t h e  requirements l i s t e d  i n  Douglas drawing 1T02860, 
R e v i s i o n  E.  The t es t s  w i l l  be conducted i n  accordance  w i t h  
t h e  r equ i r emen t s  of t h e  Formal Q u a l i f i c a t i o n  T e s t  P l a n ,  
SM-46532, .Item FQ-H-17. 

1 ..2 Scope 

T h i s  document e s t a b l i s h e s  and d e l i n e a t e s  t h e  s p e c i f i c  
l a b o r a t o r y  p rocedure  t o  be fo l lowed  i n  conduc t ing  t h e  fo rma l  
q u a l i f i c a t i o n  t es t s  on t h e  P r o p u l s i v e  F u e l  Vent B e l l o w s ,  
P/N 1A87152-1. The be l lows  w i l l  be mounted on its nex t  
assembly,  drawing number 1887436, for t h e s e  t es t s .  I t  is 
used i n  t h e  f u e l  t a n k  v e n t  l i n e  i n  t h e  p r o p u l s i o n  sys tem 
of t h e  S-IVB s t a g e  of t h e  S a t u r n  IB/V s p a c e  f l i g h t  v e h i c l e .  

2 . 0  APPLICABLE DOCUMENTS 

2 . 1  Gener  a 1  

The f o l l o w i n g  documen,s form a p a r t  of  t h i s  drawing t o  t h e  
e x t e n t  s p e c i f i e d  h e r e i n .  

2 . 2  Doug 1 a s  Documents 

SM -46 53 2 

SM-4 1412 

1A87152 

1T02860-E 

1 A 8  743 6 

lA393 2 2 

1T00176 

Formal Q u a l i f i c a t i o n  T e s t  Program 

Genera l  T e s t  P l a n  S a t u r n  S-IVB 

B e l l o w s ,  P r o p u l s i v e  F u e l  Vent 

Formal Q u a l i f i c a t i o n  T e s t  Requirements  

D u c t ,  Ex i t ,  P r o p u l s i v e  F u e l  Vent 

I ns t a 1  l a  t ion Drawing 

Q u a l i f i c a t i o n ,  T e s t  Requirements  



A 

2.3 Government Documents 

MSFC-SPEC-164 Gleaning of components for use in oxygen, 
(4/16/ 62) fuel and pneumatic systems, specifications 

for 

MIL-P-27401a Propellant Nitrogen, Presstirizing 

Bureau of Mines Helium, Grade A 

2.4 Vendor Documents 

41204 Bellows Assy. (Fairchild Precision Metal 
Products) 

3 .O TEST REQUIREMENTS 

3.1 Tolerances 

3.1.1 Environmental Tolerances 

The maximum allowable dev-at-ons from the applicable environ- 
mental requirements shall be as follows unless otherwise 
specified. 

a. 

b. 

@. 

d. 

e. 

f. 

B. 

h. 

i. 

j .  

k. 

Altitude &5% 

Temperature (Below -100" F) *lo" F 

Temperature (-100 to + 250' F) k5"F 
Humidity 

Vibration 

Acoustic. 

Acceleration 

Impact Shock 

Pressure 

Angularity 

Linearity 

+5% minus 0% RH 

25% frequency ; *lo% amplitude 
for sinusoidal vibration. 

+4 db minus 0 db am litude 
from 100 cps to 20 B 0 CPS 

22%'' 

(Mechanical) +15% pulse amplitude; k20% 
pulse duration 

&3% psig static; *5% psig 
dynamic 

kO.5 degree 

stroke 

AIRCRAFT COMPANY, INC 

m 
3 

e 



3.1.1 (Cont) 

1, Flow &2% pounds per second 

m. S t r a i n  f4% micro-inches per Anch 

n e  Load &5% 

3.1.2 Instrumentation Tolerances 

The maximum allowable error f o r  measurement equipment used i n  
t h e  test  program s h a l l  be as follows un le s s  otherwise 
spec i f i ed .  

a. Temperature (Below -100'F) f5'F 

b. Temperature (-100 t o  +250°F) f2'F 

c. Vibration f2.5% frequency; 2% 
amplitude 

d. A,ceeleration f l$G 

e. Prepsure f1.5% ps ig  s t a t i c ;  f396 psig 
dynamic 

f .  Angularity fO. 25 degrees 

g. L inear i ty  &0.5% s t r o k e  

Ih. Flow kl% pounds per second 

io  S t r a i n  k2 . 5% micro-inches per inch 

3 .  Load f2.596 

k. Voltage f 1% 

1. Current f 1% 

m. Shock (Mechanical) +8$ pulse  amplitude and 
pulse  durat ion 

3.2 Ambient Conditions 

Unless otherwise spec i f ied ,  a l l  tests s h a l l '  be conducted a t  
ambient condi t ions.  Ambient condi t ions are defined as follows: 



3 . 2  (Cont) 

Temper a t u r e  70' k 25'F 

R e l a t i v e  H u m i d i t y  50% or less 

P r e s s u r e  30 k 2 i nches  Hg 

Where t es t s  are  made wi th  t h e  t empera tu re  d i f f e r e n t  from t h e  
above va lues ,  proper  a l lowance s h a l l  be made i n  t h e  t e s t  
r e s u l t s  f o r  t h e  d i f f e r e n c e  i n  system c o n d i t i o n .  I n  a l l  cases ,  
a tmospher ic  c o n d i t i o n s  s h a l l  b e  r eco rded .  

3.3 F a i l u r e  D e f i n i t i o n  

F a i l u r e  is d e f i n e d  as any p h y s i c a l  impairment which l i m i t s  
or a l t e r s  t h e  o p e r a t i o n a l  c h a r a c t e r i s t i c s  of t h e  t e s t  s p e c i -  
men such  t h a t  it f a i l s  t o  meet t h e  q u a l i f i c a t i o n  c r i t e r i a  
e s t a b l i s h e d  by t h e  tes t  r equ i r emen t s ,  drawing 11'02860. (For 
convenience,  t h e  q u a l i f i c a t i o n  c r i t e r i a  is i nc luded  i n  t h e  
a p p l i c a b l e  paragraphs  under t h e  t e s t  procedure s e c t i o n  of 
t h i s  document .) 

I n  c a s e  of f a i l u r e ,  Engineer ing L a b o r a t o r i e s  and S e r v i c e s  
w i l l  n o t i f y  S a t u r n  Sub-system T e s t  Sec t ion ,  who w i l l  inform 
MSFC Engineer ing  through t h e  NASA/MSFC Res iden t  Management 
Off i ce .  

A complete  a n a l y s i s  of t h e  f a i l u r e  and c o r r e c t i v e  a c t i o n  
t aken  w i l l  b e  g iven  i n  t h e  f i n a l  r e p o r t ,  

3 .4  Devia t ions  

Changes may  b e  made i n  t h e  r equ i r emen t s  s p e c i f i e d  i n  t h i s  
t e s t  procedure document when mutua l ly  agreed  upon i n  
w r i t i n g  by t h e  Douglas A i r c r a f t  Company, Inc . ,  (Sa tu rn  
Sub-system T e s t  Sec t ion )  and a NASA/MSFC Con t rac t ing  
O f f i c e r ' s  Technica l  R e p r e s e n t a t i v e  f o r  Tes t ing .  

N o  changes s h a l l  b e  made t h a t  w i l l  s u b j e c t  t h e  test s p e c i -  
men& t o  new test environments,  or l e v e l s  of environment n o t  
p rev ious ly  covered i n  drawing 1T00176. 
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3 . 5  F i n a l  tieport 

The f i n a l ,  Formal Q u a l i f i c a t i o n , T e s t  Repor t  s h a i l  c o n t a i n ,  
b u t  n o t  be l i m i t e d  t o ,  t h e  fo l lowing :  

a .  P a r t  name and number 

b. Purpose of t h e  T e s t  

c. T e s t  d a t a  and c a l c u l a t i o n s  recorded i n  c h r o n o l o g i c a l  

d .  R e s u l t s  and c o n c l u s i o n s  

e .  An approved copy of t h e  Formal Q u a l i f i c a t i o u  T e s t  

f .  Black and w h i t e  pho tographs  of each tes t  s e t u p ;  and,  

g .  Color photographs  of any damaged specimen,  or any  speci- 

order 

Procedure  i n  t h e  appendix  

men which  f a i l s  d u r i n g  a tes t  

h.  A comple te  a n a l y s i s  of t h e  f a i l u r e  and c o r r e c t i v e  a c t i o n  
t aken  w i l l  be g i v e n  i n  the f i n a l  r e p o r t ,  

4 .O COMPONENT DE SCRIPTION 

4 . 1  C o n f i g u r a t i o n  

The p r o p u l s i v e  F u e l  Vent B e l l o w s ,  Douglas p a r t  number 
1887152-1, is shown i n  f i g u r e  1. I t  is a l e n g t h  of a r t i c u -  
l a t e d ,  s t a i n l e s s  s tee l  t u b i n g  which w i l l  permi t  expans ion  
and c o n t r a c t i o n  of a f u e l  v e n t  l i n e  w i t h o u t  i n t r o d u c i n g  
excessive stresses i n  ei ther t h e  v e n t  l i n e  or t h e  s u p p o r t  
s t r u c t u r e  i n  t h e  s t a g e .  The i n t e r n a l  c o n s t r u c t i o n  o f , t h e  
bellows is shown i n  t h e  cutaway view,  f i g u r e  2 .  

4.2  In t ended  U s e  

The bellows w i l l  be used i n  t h e  f u e l  t a n k  ven t  l i n e  i n  t h e  
v e h i c l e  p r o p u l s i o n  sys t em.  

4.3  Loca t ion  

The bellows w i l l  be i n s t a l l e d  i n  Douglas s t a t i o n  615.7 between 
s t r i n g e r s  36 and 49 of t h e  DSV-IVB s t a g e  of t h e  S a t u r n  IB/V 
s p a c e - f l i g h t  rocket v e h i c l e .  I t  is a welded p o r t i o n  of the  
p r o p u l s i v e  f u e l  v e n t  e x i t  d u c t ,  drawing number 1A87436; and 
t h e  e x i t  d u c t  is shown i n  zones  4 1  th rough  44 of t h e  main 
f u e l  t a n k  components i n s t a l l a t i o n  drawing 1A39322. 



4 .4  

5 .O 

5.1 

5.2 

5.3 

5 .4  

5.5 

5.6 

Opera t ing  Medium 

The a c t u a l ,  ope ra t ing  medium used i n  t h e  P ropu l s ive  Fuel  
Vent  Bellows, 1A87152, s h a l l  be gaseous hydrogen a t  a pres -  
su re  of 31 p s i g  and a temperature  range of from -423'F t o  
+160 OF. 

- 

TEST PROCEDURE 

General  

The tes t  specimen s h a l l  bg tes ted  a s  i n d i c a t e d  on component 
t e s t  p l a n  H-17 (MSFC Form 1839) i n  accordance w i t h  t h e  test  
sequence s p e c i f i e d  by l e t t e r s .  T h i s  component t e s t  p l a n  is 
reproduced i n  t h i s  drawing a s  t a b l e  1. 

Number of T e s t  SDecimens 

One vendor manufactured p roduc t ion  specimen w i l l  be tes ted .  
The specimen s h a l l  be s u b j e c t e d  t o  t h e  sequence of tests 
i n d i c a t e d  i n  t a b l e  1. 

SDecimen S e l e c t  i o n  

The test. specimen s e l e c t e d  for formal  q u a l i f i c a t i o n  t e s t i n g  
s h a l l  have been manufactured by product ion  methods and 
t o o l i n g .  The t e s t  specimen s h a l l  be s e r i a l i z e d  product ion  
p a r t  e 

T e s t  Specimen I d e n t i f i c a t i o n  

I n  a d d i t i o n  t o  the i d e n t i f i c a t i o n  and markings s p e c i f i e d  i n  
t he  s p e c i f i c a t i o n  c o n t r o l  drawing, 1687152, t h e  t e s t  
specimen s h a l l  be permanently i d e n t i f i e d  and marked: TEST.' 

C l e a n l i n e s s  

The t e s t  specimen s h a l l  be c leaned  before  t e s t i n g  un le s s  
t h e y  were p r e v i o u s l y  c leaned  and packaged i n  accordance w i t h  
MSFC-SPEC-164. 

T e s t  Sequence 

The tes t  specimen will be s u b j e c t e d  t o  t h e  following tests 
i n  t h e  sequence shown below. 
paragraph  7 . 6 )  

(Refer t o  table 1 and 



a .  

b. 

C.  

d. 

e.  

i. 

f3. 

h. 

i. 

3 .  

Pre-test Inspect ion 

Proof Pressure 

Leakage 

Spring Rate 

Flow (AP) 

Repeat Cycle  (Pressure and Deflection) 

Vi br a t ion  

Shock (Mechanical) 

Burst 

Pos t-tes t Inspect ion 

5.7 Pre-test I n s p e c t i o n  

The t e s t  specimen s h a l l  be inspected for  conformance w i t h  
the  appl icable  supp l i e r  drawings and the Douglas spec i f i ca -  
t i o n  con t ro l  drawing, 1A87152, The camplete i d e n t i f i c a t i o n  
of the  p a r t  s h a l l  be recorded, including vendor name, vendor 
p a r t  number, complete s p e c i f i c a t i o n  con t ro l  number, change 
le t ter ,  and manufacturer ' s  s e r i a l  number. A l l  r e s u l t s  of 
t h i s  inspec t ion  and t h e  weight of t h e  tes t  specimen s h a l l  be 
included i n  the test repor t .  



5.8 Proof  P r e s s u r e  T e s t  

(See  f i g u r e  3 . )  

Mount t h e  t e s t  specimen i n  t h e  t e s t  f i x t u r e ,  p a r t  number 
1T12844-501, t o  p r e v e n t  a x i a l  movement and p l u g  one end of 
t h e  bel lows.  Connect t es t  a p p a r a t u s  a s  shown i n  f i g u r e  3. 
Wi th  t h e  assembly a t  ambient  t e m p e r a t u r e ,  app ly  hel ium g a s  
a t  ambient t empera tu re  and a p r e s s u r e  of 46 k 2 p s i g  t o  t h e  
opposite end of t h e  bellows. Main ta in  t h i s  p r e s s u r e  for  
5 minutes . .  V e r i f y  t h a t  t h e  bellows s u f f e r s  no  s t r u c t u r a l  
f a i l u r e  or permanent d i s t o r t i o n .  

5.9 Leakage T e s t  

(See f i g u r e  3 . )  

Mount t h e  t e s t  specimen i n  t h e  t e s t  f i x t u i e ,  p a r t  number 
1T12844-501, t o  p r e v e n t  axial movement and p l u g  one end of 
t h e  bel lows.  Connect t e s t  a p p a r a t u s  a s  shown i n  f i g u r e  3. 
Submerge t h e  e n t i r e  t e s t  specimen i n  w a t e r .  App ly  hel ium 
g a s  a t  ambient  temperature .and a p r e s s u r e  of 31 f 2 p s i g  
t o  t h e  o p p o s i t e  end of the  bellows. Main ta in  t h i s  p r e s s u r e  
fo r  3 minu tes  w h i l e  t h e  tes t  specimen is comple t e ly  sub-  
merged i n  water. V e r i f y  t h a t  no l e a k a g e  o c c u r s .  Upon 
comple t ion  of t h i s  t e s t ,  t h e  test  specimen s h a l l  be c l eaned  
immediately w i t h  c l e a n ,  d r y  g a s .  

5.10 Flow (AP) T e s t  

(See f i g u r e  4 . )  

Mount t h e  t es t  specimen t o  t h e  t e s t  f i x t u r e ,  P/N 1T12844-501, 
and a t t a c h  a f low t u b e  on each end of t h e  tes t  assembly.  
Connect t h e  t e s t  a p p a r a t u s  a s  shown i n  f i g u r e  4 .  Wi th  t h e  
specimen and t e s t  medium a t  ambient room t e m p e r a t u r e ,  
s i m u l t a n e o u s l y  record p r e s s u r e  drop  and f low w i t h  a m i n i m u m  
of three var ied specimen i n l e t  f low p r e s s u r e s  up t o  and 
i n c l u d i n g  31 k 2 p s i g  u t i l i z i n g  gaseous  hel ium. P l o t  t h e  
c u r v e s  of flow v e r s u s  LIP. The minimum f l o w  r a t e  and maxi- 
mum p r e s s u r e  drop  across t h e  e n t i r e  tes t  specimen assembly 
s h a l l  be 1 .5  lb/sec and 1.5 p s i  r e s p e c t i v e l y .  
be c o n t i n u o u s l y  r e c o r d e d .  

A l l  d a t a  s h a l l  

Prior t o  t h e  commencement of t h e  flow t e s t ,  a t a r e  p r e s s u r e  
d rop  test  s h a l l  be r u n  t o  de te rmine  t h e  p r e s s u r e  drop  of t h e  
ad j o i n i n g  d u c t s .  



5.11 Vib ra t ion  T e s t  

(See f i g u r e s  5 and 6 . )  

5.11.1 Genera l  

F a b r i c a t e  t h e  v i b r a t i o n  tes t  assembly a s  shown i n  f i g u r e  5. 
Mount the  tes t  assembly in t h e  tes t  f i x t u r e ,  p a r t  number 
1T07801-6. Connect test  appa ra tus  as  shown i n  f i g u r e  6 .  
The s i n u s o i d a l  sweep t e s t  and then  t h e  random tes t  s h a l l  be 
performed i n  each axis  p r i o r  t o  changing the a x i s  of vibra- 
t i o n .  A p l o t  of the  v i b r a t i o n  ampli tude versus  f requency 
for the  v i b r a t i o n  sweep tes t  s h a l l  be inc luded  in the  tes t  
r e p o r t .  A p l o t  of G2/cps for random vibra*ion  test s h a l l  
be i’ncluded i n  t h e  t e s t  r e p o r t .  

The e x c i t a t i o n  s h a l l  be a p p l i e d  to  the  specimen s imul taneous ly  
by t h r e e  v i b r a t i o n  exciters. Each v i b r a t i o n  e x c i t e r  s h a l l  be 
opera ted  w i t h  i ts own console  and power a m p l i f i e r .  

5.11.2 Check of Phase and Equa l i z ing  Cont ro l  Systems 

T e s t s  s h a l l  be conducted on the  v i b r a t i o n  test  f i x t u r e  t o  
check t h e  c a p a b i l i t i e s  of t h e  phase and e q u a l i z i n g  c o n t r o l  
s y s t e m s .  During these phase and e q u a l i z i n g  control checks, 
t he  specimen s h a l l  no t  be i n s t a l l e d  on t h e  f i x t u r e ;  however, 
a dummy specimen s h a l l  be used.  

5.1P.2.P Phase Cont ro l  Check 

The f i x t u r e s  and t h e  dummy specimen s h a l l  be subjected 
t o  t h e  v i b r a t i o n  tes t  l eve l s  g iven  i n  5 .11.4,  S inuso ida l  
Sweep T e s t ,  t o  o b t a i n  d a t a  on the  phase c o n t r o l  s y s t e m  
dur ing  s i n u s o i d a l  sweep tests. S inuso ida l  sweeps from 5 
t o  2000 t o  5 c p s  s h a l l  be made i n  each  of t h e  three mutual ly  
pe rpend icu la r  axes .  The phase c o n t r o l  s y s t e m  s h a l l  be 
s u p p l i e d  by t h e  cognizant  test f a c i l i t y .  The phase c o n t r o l  
s y s t e m  s h a l l  use one accelerometer  on each of t h e  three 
s h a k e r s .  The l o c a t i o n s  of the  contr.01 acce lerometers  a r e  
shown i n  f i g u r e  5. The s i g n a l s  from t h e  three (3) c o n t r o l  
acce lerometers  s h a l l  be recorded on magnetic t a p e  and 
r eco rd ing  o s c i l l o g r a p h s  du r ing  t h e  tes t .  The cognizant  
tes t  f a c i l i t y  s h a l l  playback the  magnetic t a p e s  t o  
e s t a b l i s h  the phase angle re la t ionsh ips  of the three (3) 
c o n t r o l .  acce l e romete r s .  These phase ang le  r e l a t i o n s h i p s  
s h a l l  be e s t a b l i s h e d  by s u f f i c i e n t  playbacks us ing  t r a c k i n g  
f i l t e r s  ( S p e c t r a l  Dynamics Model SD-1012 or e q u i v a l e n t ) ,  a 
phase meter (Ad-Yu Model 405H or e q u i v a l e n t ) ,  and a X-Y 
r e c o r d e r .  The o u t p u t  from the phase meter s h a l l  be recorded  
con t inuous ly  on a X-Y.recorder. 
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5 .11 .2 .2  E q u a l i z i n g  C o n t r o l  Check  

The  e q u a l i z i n g  c o n t r o l  c h e c k  s h a l l  b e  c o n d u c t e d  u s i n g  two ( 2 )  
L i n g  ASDE-80 A u t o m a t i c  E q u a l i z e r s  a n d  a "programmed" m a g n e t i c  
t a p e .  The  programmed m a g n e t i c  t a p e  s h a l l  be made w i t h  a n  
ASDE-80 c o n t r o l l i n g  t h e  v i b r a t i o n  e x c i t e r  wh ich  is n e a r  t h e  
m i d d l e  o f  t h e  s p e c i m e n ,  a n d  w i t h  a n  ASDE-80 c o n t r o l l i n g  t h e  
v i b r a t i o n  exc i t e r  wh ich  s u p p o r t s  t h e  1A87860-1 f l a n g e .  T h e s e  
t w o  exci ter  s y s t e m s  s h a l l  be e q u a l i z e d ,  a n d  t h e  s i g n a l  f rom 
t h e  l a t t e r  e q u a l i z e r  s h a l l  be r e c o r d e d  on  m a g n e t i c  tape.  Two 
s u c h  "programmed" m a g n e t i c  t a p e s  s h a l l  be made f o r  e a c h  a x i s :  
o n e  f o r  t h e ' l 2 0  s e c o n d  t e s t  l e v e l  ( P a r a g r a p h  5.11.5) a n d  one 
f o r  t h e  600 s e c o n d  t e s t  l e v e l  ( P a r a g r a p h  5.11.5). T h e s e  
"programmed" m a g n e t i c  t a p e s  s h a l l  be r e c o r d e d  f o r  a t i m e  
p e r i o d  l o n g e r  t h a n  t h e  s p e c i f i e d  tes t  d u r a t i o n .  A f t e r  t h e  
"programmed" m a g n e t i c  t a p e s  h a v e  b e e n  p r e p a r e d ,  t h e  t w o  ( 2 )  
ASDE-80 A u t o m a t i c  E q u a l i z e r s  s h a l l  be u s e d  t o  e q u a l i z e  t h e  
v i b r a t i o n  exc i t e r s  which  s u p p o r t  s t r i n g e r s  35, 36, 4 1 ,  and  42 .  
S i m u l t a i n e o u s l y ,  a "programmed" m a g n e t i c  t a p e  s h a l l  be u s e d  t o  
c o n t r o l  t h e  exc i t e r  s y s t e m  which  s u p p o r t s  t h e  1A87860-1 f l a n g e .  
Wi th  t h i s  t e s t  s e t u p ,  t h e  f i x t u r e s  a n d  t h e  dummy s p e c i m e n  s h a l l  
be s u b d e c t e d  t o  t h e  random v i b r a t i o n  t es t  l e v e l s  g i v e n  i n  
5.11.5 t o  o b t a i n  d a t a  on  t h e o e q u l a i z i n g  c o n t r o l  s y s t e m s .  D u r i n g  
t h e s e  e q u a l i z i n g  c o n t r o l  c h e c k s ,  t h e  s i g n a l s  f r o m  t h e  t h r e e  (3 )  
c o n t r o l  accelerometers s h a l l  be r e c o r d e d  o n  m a g n e t i c  t a p e  a n d  
r e c o r d i n g  o s c i l l o g r a p h s .  The  o s c i l l o g r a p h  r e c o r d s  s h a l l  be 
examined  f o r  s i g n a l  f i d e l i t y ,  a n d  t h e  m a g n e t i c  tapes  s h a l l  be 
p l a y e d  b a c k - i n t o  power s p e c t r a l  d e n s i t y  a n a l y z e r s  a t  t h e  
c o g n i z a n t  t e s t  f a c i l i t y .  The  d a t a  f r o m  t h e  t h r e e  (3) c o n t r o l  
accelerometers s h a l l  be p r e s e n t e d  i n  g r a p h i c a l  f o r m  s h o w i n g  
g2/cps v e r s u s  f r e q u e n c y .  
o f  t h e  P r o p u l s i v e  F u e l  Vent  B e l l o w s ,  Par t  Number 1A87152-1, 
s h a l l  be c o n d u c t e d  o n l y  a f t e r  t h e  d a t a  f r o m  t h e  tests o f  
5 . 1 1 . 2  h a v e  b e e n  a n a l y z e d  by t h e  A c o u s t i c s  & S t r u c t u r a l  
Dynamics S e c t i o n ,  K441, t o  e s t a b l i s h  p h a s e  a n d  e q u a l i z i n g  
c o n t r o l  s y s t e m  r e q u i r e m e n t s .  

The  q u a l i f i c a t i o n  v i b r a t i o n  t e s t  

5.k1.3 V i b r a t i o n  T e s t  Axes 

D i r e c t i o n  A - p e r p e n d i c u l a r  t o  t h e  f o r w a r d  s k i r t  

D i r e c t i o n  B - t a n g e n t  t o  t h e  f o r w a r d  s k i r t  

Direction C - para l le l  t o  t h e  forward s k i r t  and p e r p e n d i c u l a r  
t o  d i r e c t i o n s  A a n d  B. 



5 .11 .4  S i n u s o i d a l  S w e e D  T e s t  

Apply s i n u s o i d a l  v i b r a t i o n  t o  t h e  t e s t  a s sembly  a t  a 
l o g a r i t h m i c  sweep r a t e  of 1 o c t a v e  per  m i n u t e ,  s t a r t i n g  
f r o m  t h e  low f r e q u e n c y  t o  t h e  h i g h  f r e q u e n c y  and  b a c k  t o  
t h e  l o w  f r e q u e n c y  i n  e a c h  of t h r e e  m u t u a l l y  p e r p e n d i c u l a r  
axes. The v i b r a t i o n  i n p u t  l e v e l s  s h a l l  be as f o l l o w s :  

D i r e c t i o n  A 

5 t o  44 c p s  a t  0 .04 - inch  d o u b l e  a m p l i t u d e  displacement  

44 t o  250 cps a t  4.0 g v s  p e a k  

250  t o  320 cps a t  0 .0013- inch  d o u b l e  a m p l i t u d e  d i s p l a c e m e n t  

320 t o  2000 cps a t  7 . 0  g's p e a k  

D i r e c t i o n s  B and  C 

5 t o  44 c p s  a t  0 . 0 4 - i n c h  d o u b l e  a m p l i t u d e  d i s p l a c e m e n t  

44 t o  2000 cps a t  4.0 g ' s  p e a k  

5.11.5 Random V i b r a t i o n  T e s t  

The random v i b r a t i o n  s h a l l  h a v e  a n  a p p r o x i m a t e  G a u s s i a n  
a m p l i t u d e  d i s t r i b u t i o n  and  a peak-to-rms r a t i o  o f  3. 
E q u a l i z a t i o n  o f  t h e  random i n p u t  s p e c t r u m  s h a l l  be accom- 
p l i s h e d  by  u s i n g  a random v i b r a t i o n  l e v e l  which  is n o t  more 
t h a n  1 / 4  of t h e  a c t u a l  test  l e v e l ,  The e q u a l i z e d  s p e c t r u m  
s h a l l  be m o n i t o r e d  and  r e a d j u s t e d  d u r i n g  t h e  t e s t  as n e c e s s a r y  
by: 

a .  Us ing  i n d i v i d u a l  meters on e a c h  c h a n n e l  of t h e  s p e c t r a l  
d e n s i t y  e q u a l i z e r - a n a l y z e r  o r ,  

b ,  Us ing  g r a p h i c a l  d i s p l a y s  on  s p e c t r a l  d e n s i t y  a n a l y z e r s .  
The a c c e l e r a t i o n  power s p e c t r a l  d e n s i t y  a p p l i e d  t o  t h e  
tes t  spec imen  s h a l l  be w i t h i n ? $  when measured  w i t h  
a f i l t e r  h a v i n g  a b a n d w i d t h  of !!$'cps or less. Apply 
random v i b r a t i o n  o v e r  t h e  f r e q u e n c y  i n t e r v a l  of 20 t o  
2000 cps a t  t h e  spectral  d e n s i t y  shown below.  

Record  a l l  accelerometer ou tpu t s  on magnetic tape. The 
cqntrol  accelerometer s i g n a l  s h a l l  be a n a l y z e d  and p r e s e n t e d  as  
g /cps versus  f r e q u e n c y .  



5.11,s (Continued) 

D i r e c t i o n  A 120 Seconds 

20 t o  200 cps  a t  .03 g2/cps 

200 t o  280 cps  a t  22 db/octave 

280 t o  800 c p s  a t  .36 g /cps 2 

800 t o  1500 c p s  a t  -12 db/octave 
2 1500 t o  2000 cps  a t  .03 g /cps 

D i r e c t i o n s  B and C 120 Seconds 
2 20 t o  200 cps  a t  .03 g /cps 

200 t o  280 c p s  a t  10 db/octave 

280 t o  bOO c p s  a t  .090 g /cps  2 

800 t o  1500 cps a t  - 5 . 5  db/octave 
2 1500 t o  2008 e p s  a t  .03 g /cps  

600 Seconds 
2 

22 db/octave 
2 .14 g /cps 

-12 db/octave 
2 

,012 g /cps  

,012 g /cps 

600. Seconds 
2 

10 db/octave 

.036 g2/cps 

-5.5 db/octave 
2 

.012 g /cps  

.012 g /cps 

5.11.6 Post T e s t s  

Upon completion of t h e  s i n u s o i d a l  and random v i b r a t i o n  
perform a proof t e s t ,  pa rag raph  5 . 8  and a leakage  t e s t ,  
paragraph  5.9 ,  

5.12 Shock T e s t  

5.B2.B 

(See f i g u r e  3 . )  

tes ts  , 

Genera l  

Mount t h e  t e s t  assembly i n  t h e  t e s t  f i x t u r e ,  p a r t  number 
1T07801-C. Connect t e s t  appa ra tus  a s  shown in f i g u r e  3. 
The t e s t  specimen s h a l l  be s u b j e c t e d  t o  t h r e e  shocks i n  
o n e  d i r e c t i o n  a long  each  of t h r e e  mutua l ly  pe rpend icu la r  
axes ( a  t o t a l  of n i n e  s h o c k s ) .  

The shock tes t s  may be performed i n  con junc t ion  w i t h  t h e  
v i b r a t i o n  t e s t i n g .  However, i f  t h e  shock tes t  cannot  be 
performed on t h e  v i b r a t i o n  e x c i t e r ,  t h e  s i n e  and random 
v i b r a t i o n  t es t s  may be completed i n  a l l  axes p r i o r  t o  
performing t h e  shock t e s t .  



5.12.2 Shock T e s t  Axes 

Direct ion A - p e r p e n d i c u l a r  t o  fo rward  s k i r t  

Direction B - t a n g e n t  to  t h e  forward  s k i r t  

Direct ion C - p a r a l l e l  t o  t h e  fo rward  s k i r t  and p e r g e n d i e u l a r  
t o  d i r e c t i o n s  A and B 

5.12.3 Shock T e s t  L e v e l s  

Apply shocks  a t  t h e  fo l lowing  ampl i tudes :  

D i r e c t i o n s  A ,  B, and C 

20 g ' s  peak ( h a l f  s i n e  p u l s e )  for  a d u r a t i o n  of 10 +2 
m i l l i s e c o n d s  

5,12.4 Post T e s t s  

Upon comple t ion  of t h e  shock  and v i b r a t i o n  tests, perform a 
proof  t e s t  p e r  pa rag raph  5.8, a l eakage  test  p e r  pa rag raph  
5.9,  and a s p r i n g  ra te  test p e r  p a r a g r a p h  5.14. 

5.13 Burs t  T e s t  

* (See f i g u r e  3.) 

Mount t h e  t e s t  specimen i n  t h e  t e s t  - f i x t u r e ,  p a r t  number 
lTl2844-501, t o  p r e v e n t  a x i a l  movement. Connect t e s t  
a p p a r a t u s  a s  shown i n  f i g u r e  3. Apply i n c r e a s i n g  hydro- 
s t a t i c  p r e s s u r e  u n t i l  t h e  test  specimen r u p t u r e s  ( p r e s s u r i -  
z a t i o n  r a t e  s h a l l  n o t  exceed  500 p s i  p e r  minu te ) .  V e r i f y  
t h a t  t h e  be l lows  does  not f a i l  u n t i l  an  i n t e r n a l  p r e s s u r e  
of 78 p s i g  h a s  been exceeded .  Record t h e  b u r s t  p r e s s u r e .  

Sp r ing  Rate  T e s t  

(See f i g u r e  7 . )  

7 
5.14 

Mount t h e  t e s t  specimen i n  t h e  t e s t  f i x t u r e ,  p a r t  number 
1T12844-501. Connect t e s t  a p p a r a t u s  a s  shown i n  f i g u r e  7 .  
With t h e  t e s t  specimen a t  ambient  t empera tu re ,  compress 
t h e  bellows 1/2 i n c h  a l o n g  its l o n g i t u d i n a l  a x i s .  Record 
t h e  f o r c e  r e q u i r e d  t o  compress t h e  be l lows  1/2 inch . '  
V e r i f y  t h a t  t h e  compression f o r c e  r e q u i r e d  does  n o t  exceed 
100 pounds.  

AIRCRAFT COUPANY, INC 



5.15; 2 P r e s s u r e  Cycle  T e s t  

5.15 Repeat Cycle  T e s t  - S e r v i c e  L i f e  

(See f i g u r e s  7 and 8 . )  

5.15.1 Genera l  

Mount t h e  t e s t  specimen i n  t h e  t e s t  f i x t u r e ,  p a r t  number 
1T12844-501. Connect t e s t  a p p a r a t u s  a s  shown i n  f i g u r e  7 .  

5.15.3 

Set u p  t h e  be l lows  w i t h  a n  a n g u l a r  d e f l e c t i o n  of 4 (+l, - 0 )  
d e g r e e s  from t h e  c e n t e r l i n e ,  a x i a l  compression of 1-1/8 i n c h e s ,  
and p a r a l l e l  o f f s e t  of 1-5/16 i n c h e s .  Apply t h e  a n g u l a r  
d e f l e c t i o n  s o  t h e  t o t a l  a n g u l a r  motion of each convolu ted  
s e c t i o n  is maximum. C h i l l  t h e  a s s e m b l y  w i t h  c o l d  helium g a s  
t o  a t empera tu re  of -400" + 1°F .  

t h e  p r e s s u r e  t o  0 p s i g .  Repeat t h i s  c y c l e  200 t i m e s .  V e r i f y  
t h a t . n o  f a i l u r e  o r  d e g r a d a t i o n  of performance o c c u r s .  

P o s t  T e s t s  - P r e s s u r e  Cycle  

Upon comple t ion  of  t h e  p r e s s u r e  c y c l e  t e s t ,  perform a proof 
t e s t ,  pa rag raph  5.8, and a l e a k a g e  t e s t ,  paragraph  5 . 9 .  

P r e s s u r i z e  t h e  t e s t  specimen 
t o  31 +1 p s i g  w i t h  t h e  h e l x  4 m gas a t  -400" +,8 IoF ;  t h e n  r e d u c e  

5 .15 .4  D e f l e c t i o n  C y c l e  T e s t  

D e f l e c t  t h e  be l lows  from its n e u t r a l  p o s i t i o n  f o r  a n  a x i a l  
e x t e n s i o n  of 15/16 i n c h ,  a n  o f f s e t  of 1-5/16 i n c h e s ,  and 
a n  a n g u l a t i o n  of 4 d e g r e e s ;  t h e n  a l l o w  t h e  be l lows  t o  r e t u r n  
t o  its n e u t r a l  p o s i t i o n .  Repeat t h i s  d e f l e c t i o n  cycle 50 
times. With t h e  be l lows  d e f l e c t e d  a s  described above ,  
c h i l l  t h e  t e s t  specimen w i t h  c o l d  hel ium g a s  t o  a t empera tu re  
of -400" & 8 l o F  and a p r e s s u r e  of 31 +1 p s i g .  
be l lows  a n  add i t ioaa l  3/16 i n c h  i n  a x i a l  e x t e n s i o n ,  t h e n  
remove t h e  3/16-inch e x t e n s i o n .  Repeat this cyc!e 150 times 
w h i l e  m a i n t a i n i n g  the  l o w  t e m p e r a t u r e .  V e r i f y  t h a t  no 
f a i l u r e  or  d e g r a d a t i o n  of performance o c c u r s .  

D e f l e c t  t h e  

5.15.5 P o s t  T e s t s  - D e f l e c t i o n  C y c l e  

Upon comple t ion  ,of t h e  d e f l e c t i o n  c y c l e  t e s t ,  perform a 
proof test ,  paragraph  5 . 8 ,  and a l e a k a g e  t e s t ,  pa rag raph  5 . 9 .  
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5,10' Post- tes t  Inspec t ion  

After completibn of a l l  t es t s ,  the t e s t  specimen s h a l l  be 
i n s p e c t e d  f o r  damage or' excess ive  wear and the c o n d i t i o n  
recorded i n  the  test  r e p o r t .  

6 .O TEST EQUIPMENT 

6.1 I n s  t r ume n t a t ion  L i s t  

The fo l lowing  is a list of i n s t rumen ta t ion  and equipment usei. to 
monitor ,  r e c o r d ,  s e t  up, c a l i b r a t e ,  and perform t h e  tenating a s  
s p e c i f i e d  h e r e i n .  Any a d d i t i o n a l ,  a s s o c i a t e d ,  or replacement 
equipment w i l l  be l i s t e d  in the  t e s t  r e p o r t .  A l l  of t h e  equip- 
ment l i s t e d  below w i l l  no t  n e c e s s a r i l y  be used f o r  e v e r y  t e s t .  
A t  s u b c o n t r a c t o r  l o c a t i o n s  where l i s ted  items a r e  not a v a i l a b l e ,  
e q u i v a l e n t  equipments,  or those w i t h  g r e a t e r  accuracy,  may be 
s u b s t i t u t e d .  

Mfg. and 
D e s c r i p t i o n  Model No. Range Acouracy - No. - 

1. Vibra t ion  exciter 

2 .  Power a m p l i f i e r  

3. Recording 
os c i  11 ogr aph 

4.  a .  P r e s s u r e  gages 

b.  P r e s s u r e  gages 

5.  Transducers  

6 .  Flowmeter 

7 .  Valves 

8. Temperature 
i n d i c a t o r s  

9 .  D i f f e r e n t i a l  
P r e s s u r e  Gage 

TBD 

TBD 

CEC 
Mod. 5-123' 

U . S .  Mod. 1818 0 t o  100 p s i g  

U.S. Mod. 1835 0 to 3,000 p s i g  

Mod. 2218 l i n e a r i t y  

TBD 14,000 pph 

Annin 
Mod. 1610 

Thermo-Electric -400' t o  +100"F 
Mod, 70206 

Barton 
Mod, 214 

Endevco 0 t o  1,000 g 

0 t o  40 i n .  H20 

+1$ 

+I% 

+l% 

*1/2% 

*5% 

+1/2% 



r 
'i 6.1 (Continued)  
! 

Mfg. and 
- No. D e s c r i p t i o n  Model N o .  Range Accuracy 
10, Douglas Shock Douglas 

Console 
a ,  Wave Form E x a c t ,  Model 50 Increments  53 % 

s y n t h e s i z e r  200 t y p e  F 
b. Memoscope Hughes 125,000 i n / s e c .  3 db 

Model 104  down a t  
700 KC 

c .  Shock Monitor Endevco 0 t o  50,000 g ' s  55% 
Model 2708M2 

11. Vibration T e s t  Douglas 

1 2 .  Load T e s t  F i x t u r e  Douglas 

13. Flow Tube ( T e s t )  . Douglas 
IT12991 

F i x t u r e  1T07801-C 

1T12844-501 

e 

6 .2  I n s t r u m e n t a t i o n  Replacement I 
When i t  becomes n e c e s s a r y  to make an  i n s t r u m e n t a t i o n  change d u r i n g  
a tes t ,  t h e  f o l l o w i n g  minimum i n f o r m a t i o n  s h a l l  be r eco rded :  

I n s t r u m e n t  r e p l a c e d ;  

Reason f o r  replacement: ' 

New i n s t r u m e n t :  

N a m e  : 

Model No: 

Tag No: 

S e r i a l  No: 

Tolerance :  

Date of rep lacement :  

Test p a r a g r a p h  No: 

! 

AIRCRAFT COUPANY, INC 
I 



7.0 

7.1 

7 . 2  

7 03 

7.4 

7.5 

7.6 

7.7 

NOTES 

Specimen Markings 

The specimen must b e  i d e n t i f i e d  and s e r i a l i z e d  i n  accordance 
w i t h  paragraphs 5.3 and 5.4 .  

D i s p o s i t i o n  of Specimens 

A t  t h e  end of t h e  tes t  program, i n s t r u c t i o n s  f o r  d i s p o s i t i o n  
of t h e  specimen and r e l a t e d  hardware w i l l  be  f u r n i s h e d  by t h e  
Douglas r e p r e s e n t a t i v e  a t  t h e  tes t  location. 

C o n t i q e n c i e s  

I f  major d i f f i c u l t i e s  arise a t  any t i m e  du r ing  t h e  tes t  pro- 
gram, Engineer ing  L a b o r a t o r i e s  and S e r v i c e s  w i l l  n o t i f y  
Sa tu rn  Sub-system T e s t  Sec t ion ,  who w i l l  inform MSFC 
Engineer ing  through t h e  NASA/MSFC Res ident  Managment Of f i ce .  
F a i l u r e s  or d e v i a t i o n s  w i l l  be handled i n  accordance wi th  
paragraphs 3.3 and 3.4.  

D a t a  and R e D o r t s  

The Douglas Ai rcraf t  Company, Inc. ,  s h a l l  b e  r e s p o n s i b l e  f o r  
t h e  f i n a l  test  r e p o r t  which w i l l  conform wi th  paragraph 3.5.  

If t h e  tes t  is subcon t rac t ed ,  t h e  s u b c o n t r a c t o r  s h a l l  f u r n i s h  
Douglas a complete r e c o r d  of a l l  t e s t i n g .  Submi t t a l  s h a l l  
i n c l u d e  one r e p r o d u c i b l e  and e i g h t  p r i n t e d  c o p i e s  of a l l  
records. 

A pprova 1 s 

Approval of procedures ,  tests, and r e p o r t s  s h a l l  b e  i n  accordance 
wi th  t h e  c o n t r a c t  NAS 7-101, change order 480. 

Tes t  Sequence Modif ica t ion  

Where t e s t s  are n o t  of t h e  t e s t - t o - f a i l u r e  type,  t h e  order of 
tests s h a l l  be  scheduled  t o  conserve  t i m e  and e x p e d i t e  t h e  
comp1etio.n of t h e  tes t  program u n l e s s  o the rwise  s t a t e d .  

Photo gr a phs 

A photograph of each t e s t  s e t u p  s h a l l  be made showing axes 
of d i r e c t i o n ,  gages,  an  a p p r o p r i a t e  scale,  and any unique 
p o i n t s  of . i n t e r e s t  i n  b l a c k  and whi te .  Color photographs 
s h a l l  b e  t aken  of any damaged or  f a i l e d  specimen. A p laque  
shall be inc luded  in each photograph.  Th i s  p laque  s h a l l  show 
d a t e ,  location, p a r t  number, e t c ,  



7 .a 

7 .9  

7.10 

7 . l e 1  

Check-off L i s t  and LOP 

A d e t a i l  check-off list s h a l l  be used for a l l  phases  of t e s t i n g .  
T h i s  may be i n c o r p o r a t e d  as p a r t  of t h e  p r e p a r e d  d a t a  r e c o r d s  
o r  l o g s .  

A d a i l y  l o g  of t e s t  a c t i v i t y  s h a l l  be ma in ta ined  by t h e  Douglas 
Eng inee r ing  L a b o r a t o r i e s  and S e r v i c e s  r e p r e s e n t a t i v e  conduct ing  
o r  mon i to r ing  t h e  t e s t .  Log en t r ies  s h a l l  be on a c o n t i n u a l  
b a s i s  w h i l e  tests a r e  i n  p r o g r e s s  and d a i l y  d u r i n g  t e s t  down 
t i m e .  All specimen running  t i m ? ?  s h a l l  be logged .  

Saf e t v  P rocedures  

S a f e t y  p r o c e d u r e s  i n  accordance  w i t h  a p p l i c a b l e  r u l e s  for  t h e  
spec i f ic  t e s t i n g  area s h a l l  be observed  a t  a l l  times and with-  
o u t  e x c e p t i o n .  

T e s t  Wi tness  

Douglas Q u a l i t y  C o n t r o l  s h a l l  a t t e s t  t o  t h e  specimen conf igu ra -  
t i o n  and w i t n e s s  t h e  tests.  

NASA Q u a l i t y  C o n t r o l  or t h e i r  a u t h o r i z e d  r e p r e s e n t a t i v e s  s h a l l  
w i t n e s s  t h e  tests.  

D e f i n i t i o n s  

db 

F 

PPh 

rms 

c y c l e s  p e r  second 

dec i be 1s 
/ 

degrees F a h r e n h e i t  

a c c e l e r a t i o n  due to g r a v i t y  

mercury 

pounds p e r  hour 

pounds p e r  s q u a r e  i n c h  

pounds p e r  s q u a r e  i n c h  gage 

root mean s q u a r e  
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Figure 2. Bellows, Cutaway V i m  
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COMPRES8IOrJ 

7(a) Spring Rate Test 

DEFLECTIOR J I G  

Figurn 7. Spring Rate and Repeat Cycle Teat Magram 
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2.1 
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2 .3 
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4.0 

4.1 

THE P U R P O S E . O F  T H I S  R E P O R T  I S  T O  P R E S E N T  T H E  T E S T  P R O ' .  
C E D U R E S  U S E D  AND T H E  T E S T  R E S U L T S  O B T A I N E D  D U R I N G  T H E  
P E R F O R M A N C E  OF A T E S T  P R O G R A M .  THE T E S T  P R O G R A M  W A S  
C O N D U C T E D  T O  D E T E R M I N E  C O N F O R M A N C E  OF O N E  BELLOWS,  PRO-  
P U L S I V E  FUEL V E N T ,  P A R T  N U M B E R  1A87152-1, L INE I T E M  
FQ-H-17, S E R I A L  NUMBER 042, T O  T H E  R E Q U I R E M E N T S  S P E C I F t E D  
I N  R E F E R E N C E S  2.1 A N D  2.2, I N  A C C O R D A N C E  W I T H  R E F E R E N C E  
2.3, 

.REFERENCES 

DOUGLAS A I R C R A F T  C O M P A N Y  T E S T  P R O C E D U R E  DRAW I NO lT02861.08 
D A T E D  12 DECEMBER 1965. 

TI  TLEDI "FORMAL Q U A L  I F  I C A T  I ON T E S T  PROCEDURE,  
6 E L L O W S ,  P R O P U L S  I V E  FUEL ' V E N T ?  P A R T  
NUMBER 1A87152-1" 

DOUGLAS A i  R C R A F T  C O M P A N Y  S A T U R N  S U B C O N T R A C T  T E S T  CHANGE 
R E P O R T  D A T E D  1 APRIL  1966. 

TITLED: " A T T A C H M E N T  A T O  SPM-EL & S 6456" 
R E P E A T  ONE A X I S  OF S I N E  A N D  R A N D O M  V I B R A T I O N  

DOUGLAS A I R C R A F T  C O M P A N Y  P U R C H A S E  ORDER N U M 8 E R  T&M mOIA, 
WORK O R D E R  N U M B E R  A270-EF, L O T 3  030 AND 030-1. 

MANUFACTURER 

FAIRCHILD PRECISION M E T A L  PRODUCTS 
1700 NORTH JACKSON AVENUE 
E L  CAJON, CALIFORNIA 

O N E  BELLOWS, P R O P U L S I V E  FUEL V E N T ,  P A R T  N U M B E R  1A87152-1, 
L I N E  I T E M  FQ-H-17, S E R I A L  NUMBER 042, W A S  S U B J . f C T E D  T O  A 
FORMAL Q U A L I f I C A T I O N  T f 3 T  P R O G R A M  A S  D E S C R l 8 E D  I N  D E ' T A I L  
IN T H I S  R E P O R T .  THE T E S T  S P f C I M E N  C O N F O R M f D  T O  A L L  
S P f C l F l C A T l O N  R E Q U I R E M E N T S .  
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5.0 

.5.1 

5.1.1 

5.2 

5.2.1 

5.2.2 

5.3 

5.3.1 

5.3.2 

TEST CO NDlTlONS A ND TEST 

AMR-qam 
U N L E S S  O T H E R W I S E  S P E C I F I E D  H E R E I N ;  A L L  T E S T S  R E Q U I R E D  
B Y  T H E  S P E C I f I C A T I O N  WERE P E R F O R M E D  A T  A N  A T M O S P H E R I C  

T E M P E R A T U R E  OF 70&20F, A N D  A R E L A T I V E  H U M I D I T Y  O f  
P R E S S U R E  OF 29.92kO.50 I N C H E S  OF M E R C U R Y  A B S O L U T E ,  A 

A P P R O X I M A T E L Y  508. 

HELIUM GAS: A S  R E Q U I R E D  P E R  R E f E R E N C E  2.1 

LIQUID HYDROGEN: As D E S C R I B E D  IN NOTICE OF DEVIA-  
T I O N  N U M B E R  1 

T I N ND EQUIPMENT 

MEASURING A N D  T E S T  E Q U I P M E N T  U T I L I Z E D  I N  T H E  P E R F O R M A N C E  
OF T H I S  C O N T R A C T  H A S  B E E N  C A L I B R A T E D  B Y  T H E  W Y L E  LABORA-  
T O R I E S  S T A N D A R D S  L A B O R A T O R Y ,  OR A C O M M E R C I A L  F A C I L I T Y  
U T I L I Z I N G  R E F E R E N C E  S T A N D A R D S  ( O R  I N T E R I M  S T A N D A R D S )  
WHOSE C A L I B R A T I O N  H A S  B E E N  C E R T I F I E D  A S  B E I N G  T R A C E A B L E  
T O  Y H E  NATIONAL BUREAU OF S T A N D A R D S .  A L L  . R E F E R E N C E  
S T A N D A R D S  U T I L I Z E D  I N  T H E  A B O V E  C A L l 5 R A T l O N  S Y S T E M  A R E  

A T T E S T I N G  T O  T H E  D A T E ,  A C C U R A C Y ,  A N D  C O N D I T I O N S  U N D E R  
W H I C H  T H E  R E S U L T S  F U R N I S H E D  WERE Q B T A I N E D .  A L L  S U B O R D I N A T E  

B Y  L I K E  D A T A  WHEN S U C H  I N F O R M A T I O N  I S  E S S E N T I A L  T O  A C H I E V E  

S U P P O R T E D  B Y  C E R T I F I C A T E S ,  R E P O R T S ,  OR D A T A  S H E E T S  

S T A N D A R D S ,  A N D  M E A S U R I N G  A N D  T E S T  E Q U I P M E N T  A R E  S U P P O R T E D  

T H E  A C C U R A C Y  C O N T R O L  R E Q U I R E D  B Y  T H E  S U B J E C T  C O N T R A C T .  

W Y L E  L A B O R A T O R I E S  A T T E S T S  T H A T  T H E  C O M M E R C I A L  S O U R C E S  PRO' 
V l D l N G  C A L I B R A T I O N  S E R V I C E S  ON T H E  A B O V E  R E F E R E N C E D  E Q U I P '  

F A C T  C A P A B L E  OF P E R F O R M I N G  T H E  R E Q U I R E D  S E R V I C E S  T O  T H E  
S A T I S F A C T I O N  O f  T H E  W Y L E  L A B O R A T O R I E S  Q U A L I T Y  C O N T R O L  
D E P A R T M E N T .  C E R T I F I C A T E S  A N D  R E P O R T S  OF A L L  C A L I B R A T I O N S  
P E R f O R M E D  A R E  R E T A I N E D  I N  T H E  W Y L E  LABORATORIES QUALITY 
C O N T R O L  F I L E S  A N D  A R E  A V A I L A B L E  F O R  I N S P E C T I O N  U P O N  RE' 

MENT,  O T H E R  T H A N  T H E  NATIONAL BUREAU OF STANDARDS,  A R E  I N  

Q U E S T  BY T H E  C U S T O M E R  OR G O V E R N M E N T  R E P R E S E N T A T I V E e  



5.0 

5 3 ' 3 

, J 3 S x T - W  I 0 NS AN0 TEST EQUIPME N7: 

L L $ U - W & L  

(CONT I NUED) 

WYLE: 0 
MA N u F A c T u R E R C A L I B R A T I O N  D A T E  G O V ' T .  

l?LuxL?4TJA C R  I P i  I ON b S T  DU&, f l U M 6 E q  

V i  B R A T  I O N  
E X C I T E R  

v I B R A T  I ON 
E X C  I T E H  

V I B R A T I O N  
E x c  I T E R  

P O W E R  
A W P L  I F I E R  

LING 30,000 F O R C E  N/A N/A 5093' 
MODEL A-249 P O U N D S  S I N E  

LING ,7,500 F O R C E  N/A N/A 10016 
MODEL 246 POUNDS S I N E  

LING 15,000 F O R ' C E  N/A N/A 91280 

L I N G  175 KVA N/A N/A 637 5 

M O D E L  335 

k O D E  L PP175/240 

P O W E R  LINQ 175 KVA N/A N/A 687 1 
A M P L  I F I E R  

I P O W E R  LING 50 KVA N/A N/A 637 4 
A M P L  I F I E R  

MODEL PP175/240 

MODEL 50/70. 
\ 

A U T O M A T  I c 
V I  B R A T  I ON 
C O N T R O L L E R  

A U T O M A T  I c 

C O N T R O L L E R  
V I  B R A T  I ON 

A U T O M A T  I c 
V I B R A T I O N  
C O N T R O L L E R  

R A N D O M  
C O N S  O L E  

RANDOM 
CONSOLE: 

P H A S E  CONTROL 
U N I T  

AM-PM 
MULTIPLIER 

B &  K 
MODEL 1039 

B &  K 
MODEL 1038 

B &  K 
MODEL 1038 

LING 
MODEL ASDE-80 

LING 
MOD E L  ASDE-80 

t 

C H A D W  I C K -  
HELMUTH 
MODEL 502 

CHADW I C K -  
HELMUTH 
MODEL 252 

5 C P S  - 10 KC 3/8/66 6/8/66 6613 

5 C P S  - 10 KC 1/26/66 4/26/66 622 6 

5 C P S  - 10 KC 3/22/66 6/22/66 627 1 

85 C H A N N E L  P R I O R  T O  TEST 653 4 

85 CHANNEL P R I O R  T O  T E S T  6812 

A U T O M A T I C  P H A S E  P R I O R  T O  T E S T  3058 1 
C O N T R O L  S Y S T E M  

A U T O M A T I C  P H A S E  P R I O R  T O  T E S T  31010 
C O N T R O L  S Y S T E M  
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?AOi NO 6 

5 .0  J X S T L W w l C ) W m  t . (CONTINUED) 

5,3*3 B ~ T  , E Q , J I P M E N ~  ( C O N T I N U E D )  

AM-PM 
MULTIPLIER 

AM-PM 
M U L T I P L I E R  

V O L T M E T E R  

C H A R G E  
AMPL I F I E R  

C H A R G E  
AMP L I F I E R  

C H A R G E  
AMPL I F I E R  

C H A R G E  

C H A R G E  
AMPLIFIER 

C H A R Q E  
AMP L I F I E R 

CHARGE.  
AMP L I F I E R 

C H A R G E  
AMP L I F I E R 

C H A R G E  
AHPL I F I E R  

C H A R G E  
AMPL I F I E R  

C H A R G E  
AMPL IF  I E R  

A M P L I F I E R  

C Y A O W  I C K -  
HELHUTH 
M O D E L  252 

C H A D W t C K "  
H E L H U T H  
MODEL 512R 

B &  K 
MODEL 2416 

UNHOL.TZ-DI C K  s E 
M O D E L  8PMCV 

UNHOLT.Z-DI C K  I E 
MODEL 8PMCV 

U N H 0 L T Z " D I C K I E  
MODEL .8PMCV 

UNHOLTZ-01  C K  I E 
MODEL 8PMCV 

UNHOLTZ-01  C K  I E 
MODEL 8PMCV 

UNHOLTZ-DICKIE 
MODEL 8PMCV 

UNHOLTZ-DI C K  I E 
MODEL BPMCV 

UNHOLTZ-DICKIE 
MODEL 8PMCV 

U H H O L T Z - D I  C K  I E 
M O D E L  8FMCV 

UNHOLTZ-DICKIE 
MODEL 8PMCV 

U N H O L T t = D I C K I f  
MODEL 8PMCV 

C A L  I B R A T  I ON D A T E  
Q l Z L ! ! I O N  I A S  T Du F, 

A U T O M A T  I C P H A S E  PR I OR T O  T E S T  
C O N T R O L  S Y S T E M  

A U T O M A T I C  P H A S E  P R I O R  T O  T E S T  
C O N T R O L  S Y S T E M  

TRUE RMS 3/9/66 6/9/66 

As C E L E R OM E T E R 1 /2 4/66 4/2 4/66 
A N P L  I F I E R  

A C C E L E R O M E T E R  1/24/66 4/24/66 
AMP L I F I E R 

A M P L  I F I E R 

AMPL I F I E R  

AMP L I F I E R 

A c c E L E R o M E T E R 1 
AMPL I F I E R  

AMP L I F I E R 

AMP L I F I E'R 

A C C E L E R O M E T E R  1/24/66 4/24/66 

A C  C E L E R OME T E R 1/2 4/66 4/2 4/66 

A C C E  L E R O M E T E R  1/24/66 4/24/66 

4/66 4/2 4/66 

A C C E L E R O M E T E R  2/15/66 8/15/66 

A C C E L E R O M E T E R  2/15/66 8/15/66 

A c  c E L E R OM E T E R 2/15/66 
AMPL I F I E R  

A c  c E L E R OM E T E R 2/15/66 
AMP L I F I E R 

A c  c E L E R OME T E R 2/15/66 
AHPL I F I E R  

8/15/66 

8/15/66 

8/15/66 

W Y L E  of 

b ! u u L  
Q O V ' T .  

31009 

cs&,Tl: 

63 56 

453 0 

452 

453 1 

4532 

4533 

45 49 

99960 

99964 

99966 

99967 

9996 



T A F E  P R E C I S I O N  I N S T .  14 C H A N N E L  F.M. P R I O R  T O  T E S T  s/pJ 501 
R E  c O R D E  R M O D E L  PI-214 

G S C  I L L O B R A P I I  HONEYWELL 12” D I R E C T  3/7/66 6/7/66 1085 
MODEL 1012 WRIT ING 

A c  C T L  E R O M E  T E R  

A c  c E: L E R OME T E R  

I 

ACC P 1. E R O M E T E  R 

A C C E L E R O M E T E R  

* A C C E L E R O M E T E R ‘  

A C C E L E R O M E T E R  

A C C E L E R O M E T E R  

AC C E LE R OML T E  R 

E K D E V C O  
M O ~ E L  2213 

E N D E V C O  
MODEL 2213 

E N D E V C O  
MODEL 2213 

E N D E V C O  
MODEL 2213 

E N D E V C O  
MODEL 2213 

E N D E V C O  
MODEL 2213 

END E v c  o 
MODEL 2211 

E N D E V C O  
MODEL 2211 

E N D E V C O  
MODEL 2211 

0- 1 0, OOOG 

0- 1 0,0000 

0- 1 0, OOOa 

0- 10, OOOa 

0- 1 0,oOoG 

OD 1 0, OOOG 

0- 1 O , OOOG 

0- 10, OOOG 

0- 10,0000 
I 

3/9/66 

3/14/66 

3/9/66 

3/23/66 

3/9/66 

4/2/66 

3/23/66 

3/23/66 

3/23/66 

4/9/66 

4/14/66 

4/9/66 

4/23/66 

4/9/66 

5/2/66 

4/23/66 

4/23/66 

4/23/66 

6437 

6438 

6887 

4376 

63 42 

63 43 

6791 

67 93 

6796 

A C C E L E R O M E T E R  E N D E v c o  0- 109 0000 3/23/66 4/23/66 6794 
MODEL 2211 

A C C E L E R O M E T E R  E N D E V C O  0- 1 0, OOOQ 3/23/66 4/23/66 6795 

A C  C E L E  R OH€ T E R E N D E  V C 0 0-1 0, 0000 3/23/66 4/23/66 67 92 

MODEL 2211 

MODEL 2211 
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5.0 TEST CONDITIONS A ND TEST EQUIPMENT (CONTINUED) 

5.3.3 T f S T  € Q U I  P M E N L  ( C O N T I N U E D )  
W Y L E  O R  

M A N U I A C T U R E R  C A L  I B A A T I  ON D A T E  G O V '  T ,  
m - i2usuua-w 
A C C E L E R O M E T f R  E N D E V C O  0- 10,0000 3/11/66 4/11/66 8543 

M O D E L  2213 

A C C E L E R O M E T E R  E N D E V C O  0- 1 OOOa 3/9/66 4/9/66 657 4 
M O D E L  2213C 

A C C E L E R O M E T E R  E N D E V C O  0-2000a 3/15/66 4/15/66 6427 
M O D E L  2215 

V O L T M E T E R  B &  K TRUE RMS 3/9/66 6/9/66 6469 ' 
MODEL 2416 

V O L T M E T E R  B &  K TRUE RMS 3/14/66 6/14/66 6823 
MODEL 2416 

V O L T M E T E R  B &  K TRUE RMS 3/14/66 6/14/66 6513 
MODEL 2416 

VOL T M E T E R  B &  K TRUE RMS 3/8/66 6/8/66 5504 
MODEL 2416 

V O L T M E T E R  E 3 &  K TRUE RMS 2/2/66 5/2/66 5523 

VOL T M C T L  R 8 &  K TRUE RMS 3/9/66 6/9/66 6597 

MODEL 2416 

MODEL 2416 

OSCILLOSCOPE HEWLETT-  DUAL BEAM 2/12/66 5/12/66 6456 
P A C K A R O  
MODEL 122AR 

OSCILLOSCOPE HEWLETT-  DUAL BEAM 2/28/66 5/28/66 6585 
P A C K A R D  
MODEL 122AR 

OSCILLOSCOPE HEWLETT-  DUAL BEAM 1/13/66 4/13/66 6536 
P A C K A R D  
MODEL 122AR 

AMPL I r I E R  ENDEVCO SHOCK 2/3/66 8/3/66 6504 

AMPL I F I C R  
MODEL 26146 A c c  E L  E R O M E T  E R  
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LABORATO I 1  E&/El  kaundo, Clllfornla 

5.0 JEST CONDITIONS AND TEST FISUIPMENT. (CONTINUED) 

5.3.3 -T Eau I P M ~  ( C O N T  I NUED)  

MA N u F A c T u R E R 
W Y L E  OR 

C A L  I B R A T  I ON D A T E  GOV" T .  

AMPL I F I E R  f N D E V C 0  S H O C K  2/3/66 8/3/66 6472 

A M P L  I F I E R  

Al3wuua a .Ll:--- 
MODEL 26148 A C C E L E R O M E T E R  

AMPL I F  I E R  E N D E V C O  S H O C K  2/3/66 8/3/66 6 467 

A M P L  I F I  E R  
MODEL 26148 A c  C E  L E R  O M E  T E  R 

P O W E R  S U P P L ' I  L ING P O W E R  F O R  10/26/65 4/26/66 651 1 
MODEL PLA-1008 261 4 A M P L  I F I E R  

P O W E R  S U P P L Y  L I NO POWER F O R '  10/2 6/65 4/2 6/66 6 492 
MODEL PLA-1008 261 4 AMPL I F I E R  

POWER SUPPLY LING P O W E R  F O R  10/2 6/65 4/2 6/66 6 493 

"WAVE E X A C T  E L E C T S .  3.3 M I C R O -  3/29/66 9/29/66 6615 

C f  MODEL PLA-1008 261 4 AMPL I F I E R  
\ 

I 

S Y N T H E S I Z E R  MODEL 200 S E C O N D S  T O  1 
S E C O N D  I N C R E '  
M E N T S ,  V A R  I A B L E  

""WA V E E X A C T  E L E ~ T ~ ,  3.3 M I C R O -  3/4/66 9/4/66 30984 
S Y N T H E S  I Z E R  . MODEL 200 S E C O N D  I N C R E '  

M E N T S ,  V A R I A B L E  

OSC I L L O S ' C O P ~ .  T E K T R O N  I x D U A L  BEAM 2/12/66 5/12/66 6770 
MODEL 502A 

OSCILLOSCOPE T E K T R O N I X  DUAL BEAM 2/8/66 5/8/66 553 5 
MOOEL 502 

X-Y RECO'RDleR f L E C T R O ' I N S T .  11" x 17" 1/20/66 4/20/66 6175 
SERIES 400 I 

AMPL IF I E R  E L E C T R O - I  N S T ,  G E N E R A L  PUR- 1/20/66 4/20/66 6177 
MODEL 420 P O S E  x - Y  

RE C Q R D E  R 

AMPL I P I E R  f L E C T R O ' 1 N S . T .  G E N E R A L  P U R '  1/20/66 4/20/66 3178 
M O D E L  420 P O S E  X-Y 

R E  C O R D E R  

" u 3 E D  P O R  R A D I A L . ( A )  N T H R U S T  ( c )  A X E S  S H O C K  T E S T S  
""USED FOR T A N G C N T I A L  18) A X I S  S H O C K  T E S T  



TM- DSV4B-E#v- R5776 
Page E-10 

WYLlL LA~ORA.'OI)I@B/EI Syundo, C~lifornlo 

5.0 

5.3.3 

7 %  
i 

J E S T  f Q U l P M E u  ( C O N T I N U E D )  

REPORT NO, 

CAOl NO 

( CONT I NUED) 

M A N U F A C T U R E R  C A L I  B R A T I  ON D A T E  
Al%uwXa -- 
LOG C O N V E R T E R  M O S E L C Y  20 CPS-20 KC 

MODEL 60B 

SWEEP 'SPECTRAL-DYN. 0.001 C P S -  
O S C I L L A T O R  MODEL SD-104-5 50 KC 

P H A S E  AD-YU PHASE M E T E R  
M E T E R  M O D E L  4052 0 T O  180F 

FREQUENCY W A U G H  5 CPS-3 KC 
C O N V E R T E R  MODEL FR-111 

ELECTRONIC HCWL E T T- 5 D i O l T  
COUNTER P A C K A R D  

MODEL 521C 

W A V E  A N A L Y Z E R  SPECTRAL-DYN. 2 CPS-25 KC 
M O D E L  SD-1O1A 

W A V E  A N A L Y Z E R  SPECTRAL-DYN. 2 CPS-25 KC 
MooEL SD-1012 

S T R  D P-CHART SANBORN 6 CHANNEL 
R E C O R D E R  MODEL 156-1OoCW 

MAN OUE T PI R MER I A M  
MODEL A338-A 

P R E S S U R E  ASHCROP T 
Q A U Q f  MooEL 1082-A 

PORTA BL e RuercoN 
P O T E N T  I OHETCR MODEL 2745 

MAN OHLTISR MER I A M  
MODEL A-324 

P R K S S U R E  S T A T H A M  
TRANSDUCER MODEL PQ 146 

PR hs3 U R E  S T A T H A H  
f RANSDUCER MODEL PM60 

0-61 IN. %O 

o-lop P S I Q  

0-75 MV 

0-30 I N .  Ha 

0-100 P S I 0  

f 5  P S I 0  

10/30/65 7/15/66 

1/20/66 4/20/66 

3/23/66 6/23/66 

11/4/65 5/4/66 

2/13/66 5/13/66 

PRIOR T O  TEST 

PRIOR T O  TEST 

11/10/65 2/10/66 

12/1/65 6/1/66 

12/14/65 1/15/66 

11/5/65 1/5/66 

8/16/65 2/16/66 

PRIOR T O  T E S T  

PRIOR T O  T E S T  

W Y L E  OR 

J!hluuL 
3401 

O O V '  T .  

1046 

01312 

4354 

5427 

6280 

@N ; !? 
4320 

3 568 

4257 

222 1 

3574 

S/N 156 

2512 4 



LABORATORI ../El !ie#mdo, blifornir 

5.0 TEST CO NOITIONS AND TEST EQUIPMENT ( CONT I NUED) 

5.3.3. UT E O U I P W  ( C O N T I N U E D )  

P R E S S U R E  
T R A N S D U C E R  

P R E S S U R E  
T R A N S D U C E R  

P R E S S U R E  
T R A N S D U C E R  

PR E s s'u R e 
GAUGE 

P R E S S U R E  
GAUGE 

P R E S S U R E  r' GAUGE 

S T R  I P O C H A R T  
R E C O R D E R  

PRESSURE 
T R A N S D U C E R  

P R E S S U R E  
T R A N S D U C E R  

D E A D  W E I G H T  
T E S T E R  

P R E S S U R E  
G A U G E  

P R E S S U R E  
GAUGE 

D E C A D E  
R E S I S T O R  

P R E S S U R E  
GAUGE 

PRESSURE 
Q A U Q E  

M A N U F A C T U R E R  -- 
S T A T H A M  0-100 P S  I O  
MODEL PG731 

STATHAM,  f 5  P S l D  
MODEL. PM60 

S T A T H A M  0-50 P S I G  
MODEL EM8 

As H C  R OF T 0-5000 P S I Q  
MODEL 1279-0 

MODEL 1279-A 
AS H C R O F  T 6-100 P S l G  

AS H C  R OF T 0-60 P S I O  
-MODEL 1279A 

S A N B O R N  2 CHANNEL 
MODEL 152-IOOBP 

T E L E D Y N E  0-500 PSIQ 
MODEL 206-SA 

S T A T H A M  0-300 P S I 0  
MODEL PGlOTC 

A M T H O R  0-5000 PS I O  , 
MODEL 460 

As H C R O F  T 0-200 P S  I O  
MODEL 1082A 

A S H C R O F T  0-600 P S I O  
MODEL 1082A 

G E N E R A L  RADIQ 0-1 MEGOHM 
MODEL 1432P 

AS H C R  OF T 0-600 PSI0 
MODEL 1279A 

As HC R OF T 0-1000 P S I 0  
MODEL 12798 

C A L  I B R A T  I ON D A T E  
S T  Du& 

P R I O R  T O  TEST 

PRIOR T O  T E S T  

PRIOR T O  T E S T  

12/7/65 1/9/66 

1 1/15/65 1/9/66 

11/15/65 12/16/65 

1/5/66 7/5/66 

PRIOR T O  TEST 

P R I O R  T O  TEST 

1 /8/66 1 /8/67 

4/4/66 5/11/66 

3/11/66 5/11/66 

. 11/30/65 5/30/66 

3/22/66 5/11/66 

3/30/66 5/11/66 

W Y L E  O R  

NUMBER 

10156 

G O V ' T .  

S/N 

S/N 354 

S/N 499. 

G1103 

G1104 

42 13 

G1051 

' 5438 

6675 

G1187 

(31046 

(31044 

2063 

41 83 

4130 
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m e  NO 12 

5.0 T o  I PMENT (CONT I NUED) 

5.3.3 ( C O N T I N U E D )  
W Y L E  OR c 

M A N U F A C T U R E R  C A L I B R A T I O N  DATE: G O V ' T .  
AP P A  R A T U ~  A A L M a m -  ~ L ~ C R I  P T  I ON -l!kutWL 
P R E S S U R E  A S H C R O F T  0-100 P S I G  2/24/66 4/16/66 G1055 
GAUGE MODEL 1082A 

P R E S S U R E  DU R AGAG E 0-100 PSI0 12/22/65 1/22/66 G50513 
GAUGE 

PORT A B L E  R U B I C O N  I N S T .  0-80.5 MV 12/29/65 2/29/66 30045 
P O V E N T ~ O H E T E R  MODEL 2745 



REPORT N 0 . A  

i 

WYLR LAmORATORlRS/EI %(undo. Cllifornh 

6.0 * 

6. 1 

6.1.1 P E R F O R M A N C  E C R I T E R I A  R E Q U I R E M E N T S  

R E F E R E N C E  2.1, P A R A G R A P H  5.7 

6.1.1.1 

6.1.3 
i 

6.1.3.1 

THE T E S T  S P E C I M E N  S H A L L  B E  V I S U A L L Y  A N D  M A N U A L L Y  IN- 
S P E C T E D  F O R  W O R K M A N S H I P ,  I D E N T I F I C A T I O N ,  M A R K I N G S ,  
C L E A N L I N E S S ,  AND F R E E D O M  F R O M  D A M A G E .  T f i ~  S P E C I M E N  W E I O - H T  
S H A L L  B E  M E A S U R E D  A N D  N O T E D ,  

T E S T  P R O C E  D U R E  

ONE BELLOWS, P R O P U L S I V E  FUEL V E N T ,  P A R T  NUMBER 1A87152-1, 
LINE ITEM FQ -H-17, S E R I A L  NUMBER 042, W,AS I N S P E C T E D  P R I Q R  
T O  T E S T i N G  F O R  C O N F O R M A N C E  W I T H  T H E  A P P L I C A B L E  D E T A I L  
D R A W I N G .  THE T E S T  S P E C I M E N  WAS I N S P E C T E D  F O R  W O R K M A N S H I P ,  

D A M A G E ,  THE T E S T  S P E C I M E N  WAS N O T  W E I G H E D  S I N C E  A T E S T  
t D E N T I F I C A T I O N ,  M A R K I N G S ,  C L E A N L I N E S S ,  A N D  F R E E D O M  F R O M  

F i X T U R E  WAS W E L D E D  T O  T H E  S P E C I M E N .  

THE S P E C I M E N  C O M P L I E D  W I T H  T H E  S P E C I F I C A T I O N  R E Q U I R E M E N T S .  
THE, PRE-TEST I N S P E C T I O N  D A T A  S H E E T  I S  ' I N C L U D E D  * I N  
APPENDIX A o f  THIS R E P O R T .  
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( CONT I WED) 

6.2.1 P P I 2  

R E F E R E N C E  2.1, P A R A Q R A P H  5.8 

6.2.1.1 THE T E S T  S P E C I M E N  S H A L L  W I T H S T A N D  T H E  S P E C I F I E D  P R O O F  
P R E S S U R E  F O R  A M l N l M U M ' T l M E  ? E R l O D  OF F I V E  M I N U T E S .  
T H E R E  S H A L L  BE N O  E V I D E N C E  OF S T R U C T U R A L  F A I L U R E  O R  
P E R M A N E N T  D I S T O R T I O N .  

6.2.2 

6.2 02 1 ONE BELLOWS, PROPULSIVE FUEL VENT, P A R T  NUMBER 1A87152-1, 
LINE I T C H  FQ-H-17, SERIAL NUMBER 042, W A S  S U B J E C T E D  T O  
T H E  P R O O F  P R E S S U R E  T E 3 T  O U T L I N E D  B E L O W .  P R O O F  P R E S S U R E  
TESTS WERE P E R F O R H K D  U P O N  C O M P L E T I O N  OF T H E  l r O L L O W l N O  
T C 3 T S  

1 .  PRE-TCST INSPECTION 
2. V IBRATION A N D  S H Q C K  

3 ,  R E P E A T  C Y C L E  T E S T  - ' P R E S S U R E  C Y C L E  

4. R E P E A T  C Y C L E  TEST - DEFLECTION TEST 

6.2.2.2 THE T E S T  S P E C I M E N  W A S  M O U N T E D  IN A DOUGLAS A I R C R A F T  C O M -  
P A N Y  T E S T  F I X T U R E ,  P A R T  NUMBER 1T12844-501, A N D  O N E  E N D  

I S  S H O W N  IN PHOTOGRAPH NUMBER 1. WITH T H E  A S S E M B L Y  A T  

P R E S S U R I Z E D  WITH HELIUM G A S  T O  46Q2 PSIG. THE P R E S S U R E  
W A S  M A I N T A I N E D  F O R  A P E R I O D  OF F I V E  MINUTES. THE P R E S S U R E  

OF T H E  B E L L O W 3  WAS C A P P E D .  THE P R O O F  P R E S S U R E  T E S T  S E T U P  

L O C A L  A M B I E N T  T E M P E R A T U R E ,  T H E  S P E C I M E N  WAS I N T E R N A L L Y  

WAS T H E N  R E D U C E D  T O  Z E R O  P S l G  A N D  T H E  S P E C I M E N  WAS I N S P E C T E D  
F O R  E V I D E N C E  O F  F A I L U R E  OR P E R M A N E N T  D I S T O R T I O N ,  

6.2.3 

6.2.3.1 THERE W A S  N O  C V I D E N C E  OF S T R U C T U R A L  F A I L U R E  A S  A R E S U L T  
OF T H E  A B O V K  T E S T S .  BELLOWS D E F O R M A T I O N  WAS N O T E D  A F T E R  
T H E  P R o O P  P R E 3 S U R E  TEST F O L L O W I N G  T H E  R E P E A T  C Y C L E  
DEFLECTION TEST A S  S H O W N  IN PHOTOGRAPH NUMBER 2 ,  HOWEVER, 
P E R  T H E  DOUGLAS AIRCRAFT C O M P A N Y  FAILURE R E P O R T  R E F E R E N C E D  

DOUGLAS A I R C R A F T  C O M P A N Y  T E S T  R E P R E S E N T A T I V E ,  T H E  D E F O R H A -  

P R O O F  P R E S S U R E  T € S T  D A T A  SHEETS A R E  INCLUDED IN APPENDIX A 

ON T H E  A P P L I C A B L E  D A T A  S H E E T  A N D  P E R  D I R E C T I O N  O f  T H E  

V I  ON WAS N O T  C O N S  I D E R E D  AN O U T - O F ' T O L h R A N C E  C O N D  I T I ON a 

OF T H I S  R E P O R T ,  
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6.0 U I REMENTS . PROCDURQJND RESUI TS, (CONT I NUED) 

6.3 - 
6.3.1 P E R F O R M q S I C E  C R I T E R I A  R E Q U I R E M E N T S  

R E F E R E N C E  2.1, P A R A G R A P H  5.9 

\ 

6.3.1.1 THE T E S T  S P E C I M E N  S H A L L  B E  S U B M E R G E D  I N  W A T E R  W I T H  T H E  
S P E C I F I E D  L E A K A G E  P R E S S U R E  A P P L I E D  F O R  A P E R I O D  OF 
T H R E E  M I N U T E S .  THERE S H A L L  BE N O  V I S U A L  INDICATION OF 
L E A K A G E .  

6.3.2 T F S T  P R O C E D U R L  

6.3.2 . 1 ONE B E L L O W S ,  P R O P U L S I V E  FUEL V E N T ,  P A R T  N U M B E R  1A87152-1, 
LINE I T E M  FQ-H-17, SERIAL  NUMBER 042, W A S  S U B J E C T E D  T O  
THE L E A K A G E  T E S T  O U T L I N E D  BELOW.  LEA'KAOE TESTS W E R E  P E R -  
F O R M E D  U P O N  C O M P L E T I O N  OF T H E  F O L L O W I N G  T E S T S .  

6.3 .'2.2 

1 PRE-TEST I N S P E C T  I ON 

2 .  V IBRATION A N D  SHOCK 
3. R E P E A T  C Y C L E  T E S T  - P R E S S U R E  C Y C L E  
4. R E P E A T  C Y C L E  T E S T  .. D E F L E C T I O N  C Y C L E  

THE T E S T  S P E C I M E N  W A S  M O U N T E D  I N  A DOUGLAS A I R C R A F T  COM- 

SHOWN I N  PHOTOGRAPHS NUMBERS 3,  4, AND 5. THE B E L L O W S  

NOTICE OF DEVIATION NUMBER 6, THE SPECIMEN W A S  INTER- 
N A L L Y  P R E S S U R I Z E D  T O  31&2 P S I G  W I T H  HELIUM G A S  A T  L O C A L  

P A N Y  T E S T  F I X T U R E ,  P A R T  NUMBER lT12844-501, A N D  ONE E N D  
OF T H E  B E L L O W S  WAS C A P P E D .  THE L E A K A G E  T E S T  S E T U P  I S  

WAS S U B M E R G E D  I N  W A T E R  OR E N C A P S U L A T E D  I N  P O L Y E T H Y L E N E  
S H E E T I N G  W H I C H  W A S  T H E N  F I L L E D  W I T H  W A T E R ,  A S  N O T E D  I N  

A M B I E N T  T E M P E R A T U R E .  THE P R E S S U R E  WAS M A I N T A I N E D  F O R  A 
P E R I ' O O  OF T H R E E  M I N U T E S  A N D  T H E  S P E C I M E N  WAS E X A M I N E D  
F O R  E V I D E N C E  OF L E A K A G E .  . 

6.3.3 T E S T   RESULT^ 

6.3.3.1 THERE W A S  N O  E V I D E N C E  OF L E A K A G E  A S  A R E S U L T  OF T H E  . 
A B O V E  T E S T S .  LEAKAGE TEST DATA S H E E T 3  A R E  I N C L U D E 0  I N  
APPENDIX A OF THIS R E P O R T .  



6 .0  PROCEDURES AND RESULE (CONT I NUEO) 

R E F E R E N C E  2.1, P A R A G R A P H  5.10 

6.4.1.1 T H E  M A X I M U M  P R E S S U R E  D R O P  A C R O S S  T H E - E N T J R E  T E S T  S P E C I '  
M E N  A S S E M B L Y  S H A L L  B E  1.5 P S I  A T  A M I N . I M U M  H E L I U M  F L O W  
R A T E  OF 1.5 POUNDS P E R  S E C O N D .  

6.4.2 

6.4.201 O N E  BELLOWS, P R O P U L S I V E  FUEL V E N T ,  P A R T  NUMBER 1A87152-1 
L I N E  I T E M  FQ-H-17, S E R I A L  NUMBER 042, WAS S U B J E C T E D  T O  A 
FLOW T E ~ T  A S  D E S C R I B E D  B E L O W .  

6.4.2 e 2  PHOTOGRAPH NUMBER 6 D E P I C T S  T H E  T A R E  P R E S S U R E  D R O P  T E S T  
S E T U P .  THE DOUGLAS A I R C R A F T  C O M P A N Y  U P S T R E A M  F L O W  T U B E ,  
D R A W I N G  NUMBER 1T12991-1, W A S  C O N N E C T E D  T O  T H E  DOUGLAS 
A I R C R A F T  C O M P A N Y  D O W N S T R E A M  P L O W  T U B E ,  DRAWING N U M B E R  

W I T H  C 4 L L A R S  B Y  W Y L E  L A B O R A T O R I E S  T O  f A C I L I T A T C  C O N N E C T I O N  
T O  T H E  T E S T  S Y S T E M  W I T H  V l C T A U L l C  C O U P L I N G S .  

4 I- 1T12991-501. THE F R E E  P L A I N  E N D  OF E A C H  D U C T  W A S  E Q U I P P E D  

6.4.2.3 DURING T H E  T A R E  P R E S S U R E  D R O P  T E S T  THE D I F F E R E N T I A L  P R E S -  
S U R E  W A S  M E A S U R E D  B E T W E E N  T H E  P R E S U R E  T A P  I N  T H E  U P S T R E A M  
f L O W  T U B E  A N D  T H E  P R E S S U R E  T A P  I N  T H E  D O W N S T R E A M  F L O W  
T U B E  W H I C H  W E R E  L O C A T E D  A P P R O X i M A T E L Y  80 I N C H E S  A P A R T .  
THE G A S  T E M P E R A T U R E  . W A S  M E A S U R E D  B Y  M E A N S  OF A C O P P E R -  
C O N S T A N T A N  T H E R M O C O U P L E  P R O B E  I N S E R T E D  INTO T H E  U P S T R E A M  

CONOSEAL JOINT. THE IDENTICAL P R E S S U R E  AND T E M P E R A T U R E  
F L O W  T U B E  A r P R O X l M A T E L Y  4 I N C H E S  U P S T R E A M  OF T H E  M A R M A N  

T A P  L O C A T I O N S  WERE A L S Q  U S E D  D U R I N G  T H E  G R O S S  F L O W  T E S T .  

6.4.2.4 FLOW M E A S U R E M E N T S  W E R E  M A D E  WITH A 10.027 INCH I.D, ORIFICE 
F L O W  S E C T I O N  A N D  A 6,500 I N C H  D I M M E T E R  S H A R P  E D G E D  ORIF ICE.  
FLANGE T A P S  W E R E  U T I L I Z E D .  THE ORIFICE S E C T I O N  W A S  B U I L T  
IN A C C O R D A N C E  WITH SUPPLEMENT PTC 19.5; 4-1959 OF T H E  ASME 

C O N N E C T S D  T H R O U G H  A 6 INCH R E C O V E R Y  L I N E  T Q  A 5000 CUBIC 

P O W E R  TEST C O D E .  THE O R I F I C E  S E C T ' I O N  W A S  L O C A T E D  U P S T R E A M  
OF THE F L O W  T U B E S .  THE O U T L E T  OF T H E  F L O W  T U B E  W A S  

F E K T  H E L I U M  R E C O V E R Y  V Q L U W E .  

6 

a 
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6.0 (CONT 1 NUED) 

6. 4.2 J E S T  P R ~ w U R L  ( C O N T I N U E D )  

6.4,2.5 P H O T O G R A P H S  NUMBERS 7 A N D  8 D E P I C T  T H E  G R O S S  F L O W  T E S T  
S E T U P ,  THE T E S T  S E T U P  WAS I D E N T I C A L  T O  T H E  T A R E  F L O W  
T E S T  S E T U P  E X C E P T  T H A T  T H E  T E S T  S P E C I M E N ,  C O N N E C T E D  T O  
ADJOINI 'NQ D U C T S  A N D  B E L L O W S  A $  FURNISHED B Y  D O U Q L A S  
A I R C R A F T  C O M P A N Y  A N D  I N S T A L L E D  I N  T H E  T E S T  F I X T U R E  
1T12844-501, WAS I N S T A L L E D  B E T W E E N  T H E  U P S T R E A M  A N D  
D O W N ' S T R E A M  FL6W T U B E S .  

6.4.2,6 HELIUM G A S  F R O M ' A  H I G H  P R E S S U R E  S O U R C E  (100 C U B I C  F E E T  
A T  6000 PSIG)  W A S  P A S S E D  T H R O U G H  T H E  T E S T  S Y S T E M  A T  
S Y S T E M  E F F L U C N T  T E M P E R A T U R E .  DURING A F L O W  RUN, T H E  
F L O W  R A T E  WAS C H A N G E D  I N ' I N C R E M E N T S .  T H E  L I N E  ? R E S S U R E  
A T  T H E  T E S T  S E C T I O N  C H A N G E D  G R A D U A L L Y  D U E  T O  T H E  P R E S '  
S U R E  I N C R E A S E  I N  T H E  H E L I U M  R E C O V E R Y  T A N K .  W H E N  T H E  

WAS T E R M I N A T E D .  S E V E R A L  T E S T  R U N S  WERE C O N D U C T E D  W I T H  
S P E C I M E N  I N L E T  P R E S S U R E * R E A C H E D  32 P S l Q j  T H E  T E S T  R U N  

T H E  T A R E  A N D  G R O S S  F L O W  T E S T  S E T U P S .  DURING E A C H  T E S T  
R U N  T H E  N E C E S S A R Y  P R E S S U R E ,  D I F F E R E N T I A L  P R E S S U R E S ,  A N D  
T E M P E R b T U R E S  WERE C O N T I N U O U S L Y  R E C O R D E D  ON A S T R I P  C H A R T  
R E C O R D E R .  

6.4.3 DxLBaux 
6.4.3.9 S I N C E  T H E  P R E S S U R E S  A N D  T E M P E R A T U R E S  C H A N G E D  C O N T I N U O U S L Y  

D U R I N G  T H E  T E S T ,  A P L O T  OF T H E  D A T A  AS O B T A I N E D  D I R E C T L Y  
F R O M  T H E  S T R I P  C H A R T  R E C O R D I N G S  I S  M E A N I N G L E S S .  THEREFORE 
T H E  D A T A  W E R E  R E D U C E D  A N D  P L O T T E D  I N  T H E  F O R M  OF &.& 
V E R S U S  w-? THE R E D U C E D  T E S T  D A T A  A R E  P R E S E N T E D P S I N  T H E  

FLOW T E S T  D A T A  S H E E T S  I N  APPENDIX A OF T H I S  R E P O R T .  WHEN 
T H E  P R E S S U R E  D R O P  I S  C A L C U L A T E D  F O R  T H E  S P E C I F I E D  C O N D I T I O N S  
F R O M  T H E  R E D U C E D  P A R A M E T E R S ,  T H E  F O L L O W I N G  R E S U L T S  A R E  
ebTA I NED. 

S P E C I F I E D  CQNDITIONS~ I N L E T  P R E S S U R E  31 P S l G  

1 N L C T  T E M P E  R A T U R E  70F 
HELIUM FLOW R A T E  1.5 LB./SILE. 

P R S S S U R E  D R W ~  GROSS 1.21 P S l G  

3 
NET 0.90 PSI0 

A L L O W A B L E  N E T  1.50 P S I D  

THE T E S T  S P E C I M E N  C O M P L I E D  W I T H  T H E  S P E C I F I C A T I O N  R E Q U I R E "  
M E N T S .  FLOW TEST D A T A  S H E E T S  A R E  INCLUDED I N  APPENDIX A. 
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6.0 ENTS. PROCEDWS AND (CONTINUED) 

6.5 - 
6.5.1 R I A R E Q U  I RE.M= 

R E F E R E N C E  2.1, P A R A G R A P H  5.11 
R E F E R E N C E  2.2 

6.5.1.1 THERE S H A L L  B E  N O  S T R U C T U R A L  F A I L U R E  OR P E R M A N E N T  
D E F O R M A T I O N  AS A R E S U L T  OF T H E  V I B R A T I O N  T E S T .  

6.5.2.1 ONE BELLOWS, P R O P U L S I V E  V E N T  S ~ T E M ,  P A R T  NUMBER 1A87152-1, 
L INE I T E M  FQ-H-17, S E R I A L  NUMBER 042, W A S  S U B J E C T E D  T O  
Q U A L I F I C A T I O N  L E V E L  S I N U S O I D A L  A N D  R A N D O M  V I B R A T I O N  E X C I -  
T A T I O N  IN T H R E E  O R T H O G O N A L  A X E S .  THE T E S T  S P E C I M E N ,  W I T H  
A S S O C I A T E D  M O U N T I N G  H A R D W A R E  A N D  DOUGLAS A I R C R A F T  C O M P A N Y  
T E S T  F I X T U R E S ,  W A S  V I B R A T E D  USING A LING MODEL A-249 

T A W E N T I A L  (B) A X E S ,  A N D  O N  O N E  E A C H  OF T H E  LING MODELS 
E X C I T E R  A N D  A LING MODEL 246 E X C I T E R  I N  T H E  R A D I A L  ( A )  AND 

335, 246, A N D  8.300 E X C I T E R S  I N  T H E  T H R U S T  (c) A X I S .  

R E F E R E N C E  2 .1  AND/OR A S  D I R E C T E D  B Y  T H E  DOUOLAS T E S T  R L P R E ’  
S E N T A T I V E ,  E X C E P T  A S  N O T E D  I N  T H E  NOTICES OF DEVIATION 

I TEST C O N D I T I O N S  A N D  L E V E L S  WERE M A I N T A I N E D  A S  S P E C I F I E D  I N  

INCLUDED I N  APPENDIX A OF T H I S  R E P Q R T ,  

F.5.2.2 PHOTOGRAPHS NUMBERS 9, 10 A N D  11 I L L U S T R A T E  T H E  T E S T  S E T U P  

T E S T  C O N T R O L  S Y S T E M .  A C C E L E R O M E T E R  L O C A T I O N S  A R E  S H O W N  IN 
P H O T O G R A P H S  N U M B E R S  12 T H R O U G H  19, 20 T H R O U G H  23, A N D  24  

I N  T H E  R A D I A L  (A) ,  T A N G E N T I A L  (e), A N D  T H R U S T  ( c )  A X E S ,  
R E S P E e T I V E L Y ,  FIGURE 1 I S  A B L O C K  D I A G R A M  OF T H E  V I B R A T I O N  

T H R O U G H  29, F O R  T H E  R A D I A L  ( A ) ,  T A N G E N T I A ’ L  (B), A N D  T H R U S T  
( c )  A X E S  R E S P E C T I V E L Y I  A C C E L E R O M E T E R  C H A N N E L S  WERE R E C O R D E D  
ON D I R E C T  W R I T I N G  O S C I L L O G R A P H  A N D  M A G N E T I C  T A P E  D U R I N G  
S I N U S O I D A L  T E S T S  A N D  ON M A G N E T I C  T A P E  D U R I N C I  R A N D O M  T E S T S .  

6.5.2.3 PRIOR T O  T H E  S INUSOIDAL T E S T  IN E A C H  A X I S  T H E  V I B R A T I O N  
E X C I T E R  P H A S E  WAS C H E C K E D .  THE’CQNTROL A C C E L E R O M E T E R S  
W E R E  M O U N T E D  ON B A R E  F I X T U R E S  A N D  A Q U A L I F I C A T I O N  L E V E L  
S I N U S O I D A L  S W E E P  WAS P E R F O R M E D  F R O M  5 T Q  2000 C P S  A T  ONE 
O C T A V E  P E R  M I N U T E .  THE T E S T  WAS P H A S E  C O N T R O L L E D  U S I N G  

E R O M E T E R  O U T P U T S  WERE R E C O R D E D  ON M A G N E T I C  T A P E  A N D  D I R E C T  
A CHAD,WI CK-HELMUTH PHASE C O N T R O L  S Y S T E M  A N D  C O N T R O L  A C C E L -  

WRITING OSCILLOGRAPH.  HIGH s r c c o  R U N S  W ~ R E  M A D E  ON THE 
O S C I L L O G R A P H  A T  20, 50, AND 100 C P S  IN O R D E R  T O  R E S O L V E  
P H A S E .  U r O N  C O M P L E T I O N  01‘ THE S W E E P ,  P H A S E  P L O T S  WERE H A D E  
F R O M  THE T A P E D  D A T A .  
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6 . 0  

6.5.2 

( CONT I NUED) 

J E S T  P w  ( C O N T I N U E D )  

' 6.5.2.4 PRIOR T O  THE R A N D O M  T E S T  I N  T H E  T H R U S T  ( A )  A X I S ,  A 
M A G N E T I C  T A P E  R E C O R D I N G  WAS M A D E  F O R  T H E  P U R P O S E  OF 
P R O V I D I N G  T H E  R A N D O M  S I G N A L  S O U R C E  F O R  T H E  M O D E L  246 
V I B R A T I O N  E X C I T E R  D U R I N G  T H E  R A N D O M  Q U A L I F I C A T I O N  T E S T .  
T H E  246 E X C I T E R  WAS E Q U A L I Z E D  P E R  T H E  T E S T  S P E C I F I C A -  
T I O N  W I T H  T H E  B A R E  F I X T U R E  I N S T A L L E D . U S I N G  A LING 
ASDE-80 R A N D O M  C O N S O L E ,  A N D  T H E  POWER A M P L I F I E R  I N P U T  
WAS R E C O R D E D  ON M A G N E T I C  T A P E .  T A P E  R E C O R D I N G S  WERE 
M A D E  F O R  B O T H  T H E  120 S E C O N D  A N D  600 S E C O N D  P O R T I O N S  
OF T H E  Q U A L i F I C A T l O N  L E V E L  T E S T .  T H E  M A G N E T I C  T A P E S  
W E R E  T H E N  U S E D  T O  D R I V E  T H E  246 E X C I T E R  AT B O T H  T H E  
120 S E C O N D  A N D  600 S E C O N D  T E S T  L E V E L S ,  AND T H E  C O N T R O L  
A C C E L E R O M E T E R  S I G N A L  WAS R E C O R D E D  ON M A G N E T I C  T A P E .  
P O W E R  S ? E C T R A L  D E S N I T Y  P L O T S  WERE H A D E  OF T H E  C O N T R O L  
A C C E L E R O M E T E R  D A T A  F O R  B O T H  T E S T  L E V E L S  A N D  A P P R O V E D  
B Y  T H E  DOUGLAS A I R C R A F T  C O M P A N Y  T E S T  R E P R E S E N T A T I V E ,  

6.5.265 I M M E D I A T E L Y  P R I O R  T O  T H E  R A N D O M  V I B R A T I O N  T E S T  I N  E A C H  
A X I S ,  E Q U A L I Z A T I O N  WAS A C C O M P L I S H E D  A T  6 D E  B E L O W  T H E  

R A N D O M  T E S T  I N  E A C H  A X I S  WAS I N T E R R U P T E D  A F T E R  T H E  F I R S T  
30 S E C O N D  T O  ONE M I N U T E  O f  T K S T  I N  ORDER T O  M A K E  P O W E R  
S P E C T R A L  D E N S I T Y  (PSD) P L O T S @  I F  P L O T S  WERE S A T I S F A C T O R Y ,  
T H E  R A N D O M  T E S T  WAS T H E N  C O N T I N U E D .  I F  NOT,  T H E  T E S T  
S P E C T R U M  WAS A D J U S T E D  A S  R E Q U I R E D  A N D  A S E C O N D  30 S E C O N D  
T O  O N E  M I N U T E  P O R T I O N  OF T H E  T E S T  WAS C O M P L E T E D  F O R  P L O T '  
T I N G .  THIS P R O C E D U R E  WAS R E P E A T E D  A S  N E C E S S A R Y  U N T I L  
S A T I S F A C T O R Y  P L O T S  WERE O B T A I N E D  A N D  A P P R O V E D  B Y  T H E  
DOUGLAS A I R C R A F T  C O M P A N Y  T E S T  R E P R E S E N T A T I V E ,  I N  T H E  
T H R U S T  ( A )  A X I S ,  I T  WAS N E C E S S A R Y  T O  M A K E  A S E C O N D  T A P E  
R E C O R D I N O  O f  T H E  POWER A M P L I F I E R  I N P U T  W I T H  T H E  B A R E  
F I X T U R E  E Q U A L I Z E D  T O  A M O D I F I E D  T E S T  S P E C T R U M  P R O V I D E D  
B Y  T H E  DOUGLAS A I R C R A P T  C O M P A N Y  T E S T  R E P R E S E N T A T I V E .  

\ 600 S E C O N D  T E S T  S P E C I F I C A T I O N  L E V E L .  E A C H  L E V E L  OF 
\ 
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6.0 

6.5.2 

BEQU IflEMENTS PRKEDWES -Ut TS (CONT I NUED) 

J C ~ . T  P R O C C D ~  ( C O N T  I N U E D )  

6.5.2.6 FOLLOWING V I B R A T I O N  T E S T I N G  I N  T H E  T A N G E N T I A L  A N D  R A D I A L  
A X E S ,  T H E  A X I S  D E F I N I T I O N  D E S C R I . B E D  I N  FIGURE 5 OF 
R E F E R E N C E  2 . 1  W A S  F O U N D  T O  B E  IN E R R O R .  ' I N  T H E  R A D I A L  

S P E C I F I C A T I O N .  HOWEVER,  T H E  R A D I A L  A X I S  S H O U L D  H A V E  6 E . t : ~  

DIRCCTIONI C. THEREFORE, P E R  DIRECTION OF T H E  DOUGLAS 
A I R C R A F T  C O M P A N Y  T E S T  R E P R E S E N T A T I V E ,  T H E  T H R U S T  A X I S  

P E R  A MODIFIED DIRECTION A S P E C I F I C A T I O N .  ADDITIONAL 

A X I S ,  T H E  T E S T  S P E C I M E N  WAS S U B J E C T E D  T O  T H E  S I N U S O I D A L  
A N D  R A N D O M  T E S T  L E V L L S  F O R  T H E  c A X I S  AS D E F I N E D  BY T H E  

D E F I N E D  A S  D I R E C T I O N  A A N D  T H E  T H R U S T  A X I S  D E F I N E D  AS 

T E S T  WAS P E R F O R M E D  P E R  D I R E C T I O N  c T E S T  L E V E L S  A N D  
A D D I T I O N A L  T E S T I N Q  WAS P E R F O R M E D  I N  T H E  R A D I A L  A X I S  

C L A R I F I C A T I O N  A N D  D E T A I L E D  T E S T  L E V E L S  A R E  P R O V I D E D  I N  
N O T I C E S  OF DEVIATION NUMBERS 4 A N D  5 ,  A N D  I N  R E F E R f N C E  
2.2 .  

7.5.3 e 1 T H E  T E S T  S P E C I M E N  WAS E X A M I N E D  F O R  E V I D E N C E  OF S T R U C T U R A L  
F A I L U R E  A N D  P E R M A N E N T  D I S T O R T I O N  U P O N  C O M P L E T I O N  OF E A C H  
V I B R A T I O N  V E S T .  NO D A M A G E  OR O I S T O R T I O N  WAS O B S E R V E D .  

6.5.3 e 2  V l B R A T l 6 N  T E S T  D A T A  S H E E T S  A N D  Pt9WER S P E C T R A L  DENSITY 
P L O T 8  ARC I N C L U B L D  I N  APPENDIX  A OF T H I S  R E P O R T .  

b.5.3.3 O s c i  L L O G R A P H  RECORDINGS,  MAGNETIC ?Arcs ,  P H A S E  P L O T S ,  A N D  
4 N S T R U M K N T A T  I on DATA SHEETS H A V E  BEEN F O R W A R D E D  T O  DOUGLAS 
A l R C R A f T  C O M P A R Y  U N D E R  S E P A R A T E  C O V E R *  
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6.0 

6.6 

6.6.1 

6.6.1.1 . 

6.6.2 

6.6.2.1 

6.6.2.2 

i 

6.6.3 

6.6.3.1 

6.6.3.2 

6.6.3.3 

PERFORMU C R U E R I A  REQUIRI, L E U  

R E F E R E N C E  2.1, P A R A G R A P H  5.12 

T H E R E  S H A L L  B E  N O  E V I D E N C E  OF S T R U C T U R A L  F A I L U R E  OR 
D E F O R M A T I O N  A S  A R E S U L T  OF T H E  SHOCK T E S T .  

T E S T  P R Q C E D U R K  

ONE BELLOWS, PROPULSIVE FUEL VENT,  P A R T  NUMBER 1A87152-1, 
LINE ITEM FQ-H-17, SERIAL .  NUMBER 042, W A S  S U B J E C T E D  T O  
Q U A L I F I C A T I O N  L E V E L  S H O C K  T E S T S  I N  E A C H  OF T H R E E  O R T H O G O N A L  
A X E S .  W I T H  T H E  T E S T  S P E C I M E N  S T I L L  A T T A C H E D  T O  T H E  V I B R A '  

T E S T  WAS C O N D U C T E D  U P O N  C O M P L E T I O N  OF T H E  V I B R A T I O N  T E S T  
T l O N  T E S T  F I X T U R E S  AND E L E C T R O D Y N A M I C  E X C I T E R S ,  T H E  S H O C K  

I N  E A C H  A X I S .  

FIGURE 2 I S  A B L O C K  D I A G R A M  OF T H E  S H O C K  T E S T  C O N T R O L  
S Y S T E M ,  S H O C K  T E S T  A C C E L E R O M E T E R . L O C A T I 0 N . S  A R E  SHOWN 
I N  P H O T O G R A P H S  N U M B E R S  12 A N D  13, 20 A N D  21, A N D  2 4  
T H R O U G H  26, FOR T H E  R A C I A L  ( A ) ,  T A N G E N T I A L  (e), AND 

WERE T A K E N  OF THE C O N T R O L  A C C E L E R O M E T E R  S I G N A L  W A V E F O R M S  

D E S C R I B E D  I N  P A R A G R A P H  6.5.2,2 A N D  R E C O R D E D  O N  M A G N E T I C  

T H R U S T  (c )  A X E S  R E S P E C T I V E L Y .  O S C I L L O S C O P E  P H O T O G R A P H S  

F O R  E A C H  T E S T .  MONITOR A C C E L E R O M E T E R S  W E R E  M O U N T E Q  A S  

T A P E  A N D  D I R E C T  W R I T I N G  O S C I L L O G R A P H .  

T E S T  R E S U L T S  

THE T E S T  S P E C I M E N  W A S  E X A M I N E D  F O R  E V I D E N C E  OF S T R U C T U R A L  
D A M A G E  OR P E R M A N E N T  D I S T O R T I O N  U P O N  C O M P L E T I O N  OF T H E  
S H O C K  T E S T  I N  E A C H  A X I S ,  N O  D A M A G E  WAS A P P A R E N T .  

SHOCK T E S T  D A T A  S H E E T S  A R E  INCLUDED IN A P P E N D I X  A OF 
T H I S  R E P O R T ,  

O S C I L L O G R A P H  R E C O R D I N G S ,  M A G N E T I C  T A P E S ,  S H O C K  P U L S E  
O S C I L L O S C O P E  P H O T O G R A P H S ,  A N D  I N S T R U M F N T 4 T I O N  D A T A  
S H E E T S  H A V E  B E E N  F O R W A R D E D  T O  DOUGLAS AIRCRAFT U N D E R  

S E P A R A T E  C O V E R ,  



W Y L8 LImORATORI =./El Segundo. CIlifornir 

6 . 0  REQUIREMENTS. PROCEDUR ES AN D R E S U  

6.7 m 
6.7 . 1 F O R M A N C F  QLTER I A RLQU I W E N T %  

R E F E R E N C E  2.1, P A R A G R A P H  5.13 

REPORT N O . , = 3  O 

PAOL NO 22 

(CONT I NUED) 

6.1.1.1 THE T E S T  S P E C I M E N  S H A L L  N O T  F A I L  U N T I L  A N  I N T E R N A L  
P R E S S U R E  OF 78 P S I 0  H A S  B E E N  E X C E E D E D .  

6.7.2 P R oc c DUS 

6.7.2.1 ONE BELLOWS, PROPULSIVE FUEL VENT, P A R T  NUMBER 1A87152-I, 
L INE I T E M  FQ-H-17, S E R I A L  N U b l B E R  o'%?,,WAS M O U N T E D  I N  A 
DOUGLAS A I R C R A F T  C O M P A N Y  T E S T  F I X T U R E ,  P A R T  NUMBER 1T12844- 
501, A N D  O N E  E N D  OF T H E  B E L L O W S  W A S  C A P P E D .  THE BURST 
T E S T  S E T U P  I S  SHOWN I N  P H O T O G R A P H S  N U M B f R s  30 A N D  31. 
W I T H  T H E  T E S T  S P E C I M E N  A T  L O C A L  A M B I E N T  T E M P E R A T U R E ,  
H Y D R O S T A T I C  P R E S S U R E  WAS A P P L I E D  A T  A R A T E  O f  200 P S I  P E R  
M I N U T E ,  THE ' P R E S S U R E  A T  W H I C H  I N I T I A L  D E F O R M A T I O N  O C C U R R E D  
A N D  T H E  B U R S T  P R E S S U R E  W E R E  N O T E D *  

I 

607.3 J2a3wuu 
6.7.3.1 T H E  T E S T  S r E C l M E N  C O N F O R M E D  T O  S P E C I F I C A T I O N  R E Q U I R E M E N T S .  

THE C O N D I T I O N  OF T H E  T E S T  S P E C I M E N  A F T E R  T H E  B U R S T  T E S T  

B U R S T  T E 3 T  D A T A  S H E E T  IS INCLUDED t N  A P P ~ N D I X  A O F  T H I S  
IS I L L U S T R A T E D  IN PHOTOGRAPHS NUMBERS 32, 33, AND 34. THI. 

R E P O R T .  
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6.0 

6.8 

6,a.l 

6,8. l . l  

6.8.2 

6.8.2 e 1 

6.. 8 .2 . 2 

6.8.3 

6.8.3.1 

REQU 1 REMEN TS I PROCEDURES AND RESULTS 

s f Y u & R u E T F _ S S .  

(CONT I NUED) 

R E F E R E N C E  2.1, P A R A G R A P H  5,14 

THE F O R C E  R E Q U I R E D  T O  C O M P R E S S  T H E  B E L L O W S  O N E - H A L F  INCH 
S H A L L  N O T  E X C E E D  100 P O U N D S .  

ONE BFLLOWS, P R O P U L S I V E  F U E L  V E N T ,  P A R T  NUMBER 1A87152-1, 
LINE I T E M  FQ-H-17, S E R I A L  N U M B E R  042, WAS S U B J E C T E D  T O  
T H E  S P R I N G  R A T E  T E S T  D E S C R I B E D  BELOW,  S P R I N G  R A T E  T E S T S  
W E R E  P E R f O R M E D  U P O N  C O M P L E T I O N  OF T H E  I N I T I A L  P R O O F  A N D  
L E A K A G E  T E S T S  A N D  U P O N  C O M P L E T I O N  o f  T H E  SHOCK A N D  V I B R A -  
T ION T E S T S ,  

THE T E S T  S P E C I M E N  WAS M O U N T E D  I N  A DOUGLAS A I R C R A F T  C O M '  
P A N Y  T E S T  f l X T U R E p  P A R T  N U M 8 E R  1T12844-501, C O M P R E S S I V E  
F O R C E  W A S  M A N U A L L Y  A P P L l E D t  T H R O U G H  A F O R C E  G A U O E p  T O  T H E  
B E L L O W 3  A S  I L L U S T R A T E D  I N  P H O T O G R A P H  NUMBER 35. T H E  
F O R C E  G A U G E  I N D I C A T I O N  A T  1/2 I N C H  A X I A L  C O M P R E S 9 1 0 N  W A 9  
N O T E D .  

T E s r  R E S U L T S  

THE T E S T  S P E C I M E N  C O M P L I E D  W I T H  S P E C I F I C A T I O N  R E Q U I R E M E N T S .  
S P R I N G  R A T E  TEST D A T A  S H E E T S  A R E  I N C L U D E D  I N  APPENDIX A 
O f  T H I S  R E P O R T .  



6.0 ENTS. PRKQURES AND RESUI TS 

REVISION A 

(CONT i NUE 0 )  

6.9.1 e 1  R f O R M A N C E  C , R I T E R I A  R E O U I R E W E N T Q  

R E F E R E N C E  2.1, P A R A G R A P H  5.15.2 

T H E R E  S H A L L  BE N O  F A I L U R E  OR D E G R A D A T I O N  OF P E R F O R M A N C E  
A S  A R E S U L T  OF T H E  P R E S S U R E  C Y C L E  T E S T ,  

ONE BELLOWS, PROPULSIVE FUEL VENT, P A R T  NUMBER 1A87152-1, 
LINE ITEM FQ-H-17, S E R I A L  NUMBER 042, W A S  I N S T A L L E D  IN 
T H E  D O U G L A S  A I R C R A F T  C O M P A N Y  T E S T  F I X T U R E ,  P A R T  NUMBER 
1T12844:501, ' A S  S H O W N  IN P H O T O G R A P H  NUMBER 36. U S I N G  

~ i r ( t ,  W I T H  A X I A L  COMPRESSION- 'OF  1-1/8 INCHES, A N D  

T H E  . P N E U M A T I C  D E F L E C T I O N  S Y S T E M  A T T A C H E D  T O  T H E  F I X T U R E ,  
T H E  S P E C I M E N  W A S  D E F L E C T E D  4+1 D E G R E E S  F R O M  T H E  C E N T E R '  

P A R A L L E L  O F F S E T  OF 1-5/16 I N C H E S ,  THE A N G U L A R  D E F L E C T I O N  
W A S  A P P L f E D  S O  T H A T  T H E  T O T A L  A N G U L A R  M O T I O N  OF E A C H  
C O N V O L U T E D  S E C T I O N  WAS M A X I M U M .  THE S P E C I M E N  WAS E X T E R "  
N A L L Y  C O O L E D  T O  -moz2 F B Y  S P R A Y I N O  W I T H  L I Q U I D  HYDRO' 
G E N .  W H E N  T H E  R E Q U I R E  8 T E M P E R A T U R E  WAS R E A C H E D ,  T H E  
S P E C I M E N  WAS I N T E R N A L L Y  P R E S S U R I Z E D  T O  3 1 f l  P S I 0  W I T H  
C O L D  H E L I U M  G A S  T H A T  H A D  P A S S E D  T H R O U Q H  A L I Q U I D  H Y D R Q Q E N  

P b l O .  THIS C Y C L E  WAS R E P E A T E D  200 TIMES** 

-\ 

) 

@ 

H E A T  E X C H A N G E R .  THE P R E S S U R E  W A S  T H E N  R E D U C E D  T O  Z E R O  

6.9.1.3 uu2wuua 
N O  F A I L U R E  OR D E G R A D A T I O N  O f  P E R F O R M A N C E  O C C U R R E D  A S  A . 
R E 8 U L T  OF T H E  P R E S S U R E  C Y C L E  T E S T .  THE P R E S S U R E  C Y C L E  
TEST DATA S H E E T  I S  IHCLUOlCO I N  A P P E N O l X  A OF T H I S  Rl iPORTe 
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6.0 QUlR EMENTQ PRK- AND W U L T S  (CONTINUED) 

6.9 V I C E  I I F &  (CONT I N U E O )  

6.9.2 * 
6.9.2.1 p E R r O R ~ C  E C R I T E R I A Firp u I R E mu 

R E F E R E N C E  2,1, P A R A G R A P H  5.15.4 

T H E R E  S H A L L  B E  N O  F A I L U R E  OR D E G R A D A T I O N  o r  P E R F O R M A N C E  
AS A R E S U L T  OF T H E  DEFLECTION C Y C L E  T E S T .  

6.9.2.2 T E S T  P R O C E D U R ~ ;  

6.9.2,2,1 O N E  B E L L O W S ,  P R O P U L S I V E  FUEL VENT-, P A R T  N U M B E R  1A87152-1, 
L INE I T E M  FQ-H-17, S E R I A L  NUMBER 042, W A S  I N S T A L L E D  IN 
T H E  D O U G L A S  A I R C R A F T  C O M P A N Y  T E S T  F ’ I X T U R E ,  P A R T  N U M B E R  
1T12844-501, AS SHOWN I N  P H O T O G R A P H  N U M B E R  37. U S I N G  
T H E  P N E U M A T I C  A C T U A T I O N  S Y S T E M  C O N N E C T E D  T O  T H E  T E S T  

WAS D E F L E C T E D  F R O M  ITS N E U T R A L  P O S I T I O N  F O R  A N  A X I A L  
F I X T U R E ,  A S  S H O W N  IN P H O T O Q R A P H  NUMBER 38, T H E  B E L L O W S  

E X T E N S I O N  OF 15/16 I N C H ,  A N  O F F S E T  OF 1-5/16 I N C H E S ,  
A N D  A N  A N G U L A T I O N  OF 4 D E G R E E S .  THE B E L L O W S  W A S  T H E N  

C Y C L E .  W I T H  T H E  T E S T  S P E C I M E N  A T  L O C A L  AMBIENT T E M P E R A -  
R E T U R N E D  T O  I T S  N E U T R A L  P O S I T I O N ,  T H U S  C O M P L E T I N G  O N E  

T U R E  A N D  U N P R E S S U R I Z C D ,  A T O T A L  O f  50 D E F L E C T I O N  C Y C L E S  
WERE P E R F O R M E D .  

i 



6.9.2.2 ~,s,st P R ~ F D U R L  ( C O : ~ T I N U E D )  

-6.9.2.2.2 THE S P E C I M E N  W A 3  T H E N  P R E S S U R I Z E D  T O  31fl P S l G  W I T H  C O L D  
H E L I U M  G A S  A N D  S P R A Y E D  W I T H  L I Q ' J I D  H Y D R O G E N  U N T I L  T H E  
B E L L O W S  T E M P E R A T U R E  R E A C H E D  -400, +21, -0 F. USING T H E  
D E F L E C T I O N  P O S l T l O N ,  A S  D E S C R l B E D  A B O V E  A S  T H E  B A S I C  
P O S S T I O N ,  T H E  B E L L O W S  WAS D E F L E C T E D  A N  A D D I T I O N A L  3/16 
I N C H  I N  A X I A L  E X T E N S I O N .  THE A D D I T I O N A L  3/16 I N C H  A X I A L  
E X T E N S I O N  W A S  R E M O V E D #  T H U S  COMPLETING ONE C Y C L E .  THIS 
C Y C L E  W A S ~ P E R F O R M E D  A T O T A L  OF 150 TIMES WITH T H E  S P E C I =  
MEN A T  A T E M P E R A T U R E  OF. -400, 4 2 1 ,  -0 F, AND A P R E S S U R E  
OF 31fl P S I G .  

No FAILURE OR DEORADATI-ON oe P E R F O R M A N C E  O C C U R R E D .  THE 
D E F L E C T I O N  C Y C L E  DATA S H E C T  OS I N C L U D E D  I N  APPENDIX A 
OF T H I S  R E P O R T .  



1 

LA .10 R A T 0  R 8 CS / El Scgundo, California 

6.0 

6.10 

6.10.1 

6.10.Ie1 

6.10.2 

6.10.2 a I 

6010.3 

6o10.3,1 

REQUIREWTS, PROCEDURES A ND RESUI 

i 
(CONT I NUED) 

PERFORMANCE CRITERIA R E Q U I R E M E N T S  

R E F E R E N C E  2.1, P A R A G R A P H  5.16 

A F T E R  C O M P L E T I O N  O F  T H E  T E S T  PROGRAM, T H E  T E S T  S P E C I M E N  
S H A L L  B E  I N S P E C T E D  f O R  D A M A G E  OR E X C E S S I V E  WEAR A N D  A N Y  
S U C H  C O N D I T I O N S  N O T E D .  

ONE BELLOWS, PROPU.LSIVE FUEL VENT, P A R T  NUMEER 1A87152-1, 
LINE ITEM FQ-H-17, SERIAL NUMBER 042, W A S  V I S U A L L Y  IN- 
S P E C T E D  F O R  D A M A G E  OR E X C E S S I V E  WEAR U P O N  C O M P L E T I O N  OF 
T H E  T E S T  P R O G R A M .  

TEST R E S U L T S  

T H E  O N L Y  D A M A G E  N O T E D  W A S  I N C U R R E D  AS A R E S U L T  O f  T H E  
B U R S T  T E S T  A S  D E S C R I B E D  I N  P A R A G R A P H  6,703. T H E  P O S T  
TEST I N S P E C T I O N  D A T A  S H E E T  I S  I N C L U D E D  I N  APPENDIX A 
O f  T H I S  R E P O R T .  
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E 1  
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R f P O R l  NUMBER 3223cl) 

IM-DSV4B-aJv-R!j"76 
P A G E  NUMEER 29 

C O N T R O L  

V I  B R A T  I tn E x c  I T C R  

E N D E V C O  
261 4 8  

A W P L  I r I E A  

I 
b 

L I N G  335 

L R O M E ?  t R  

O S C I L L O S C O P E  

I 

I I 

FIGUSE 2 
8LOCK DIAGRAM - SHOCK TEST 
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W Y  L 6 L A  BORATORI  ES/Cl Seeundo. Calilornie 

PHOTOOWH NUMBER 1 

PROOF' PRESSURE TEST SETUP 

3223-0 

30 

REPORT NO. 

PAGE NO 



REPORT NO. 32230 

TM- DSV4B-ENV- ~5776 

L A  I) OR A t 0  R I =./El Ssgundo. Clldornir 

PHQTOGWH NUP@ER 2 

OEFORftl\TI CM f OtLUd t NG REPEAT CYCLE 
PROW AND LEAKAGE 



REPORT NO. 32230 
32 PAGE NO. 

PHOTOGRAPH NUMEIiER 3 

LEAKAGE TEST SETUP 
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. PAGE NO. 33 

Pwe E-33 
TM-DSVbB-ENV-R'j776 

W Y L L L A  BO R A T 0  R I LS/El Seaundo, Colilorpir 

PHOTOGRAPH NUMBER 4 

LEAKAGE: TEST SETUP 
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PAGE NO. 35 
n\l-DSVh3-EMT-R5776 
Page E-35 

W Y  L C  LADORATOI) ILI /EI  Segundo. California 

PHOTOGRAPH NUMBER 6 

TARE PZW TEST SETUP 
FLOW WBES 1T1989-1 & -501 ONLY 
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TM- DSVkB-ENv- R5n6 
Page E-36 

PAGE NO. 

L A  BO RAT OR1 RS/El %undo. California 
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PAGE NO. 37 
TM-DSV4B-EMI-R5776 
Page E-37 

W V L C  LABORAfOR#CB/EI  Seeundo. Cal~fomia 

V I C K D  FROM 

PHOTOORAPH NUMBER 8 
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PHOTOGRAPH NUMBER 

REPORT NO. 32230 

PAGE NO. 38 
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W Y L  I: LABOR AT OR# ../El Segundo, Calltornto 

PHOTCXiRAPH NWBER 10 
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L A  BO R A T 0  I 8  =./El Segundo. Californo 

PWTOMAPH NUMBER 1) 
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L A  B 0 R A T 0  R I L8/EI %?#undo, CBllfarnia 
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Page E-42 

R E V I S I O N  A 
WY LE L A B O R A T O R I ~ ~ / E I  Sagundo. California 
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W Y L C  LAIORATORICS/EI  Se8undo. California 

PHOTOGRAPH NUMBER 14 

REPORT NO. 32230 

CAGE NO 43 
.cM-DSVzCB- ENV-R5776 
Page E-43 

R E V ~ S I O N  A 

R A O l M  (A)  AXIS 
ACCELEROMETER LOCAT I OW 



!CM-D5V4B-ENV-R'j"'j'6 
Page E-44 

W Y L R  LAIORATORIRS/EI  Segundo, California 

32230 

PAGE NO. 44 

REPORT NO. 

R E V I S I ~ N  A 
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, 
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L A  DO RATOR I E./ El Seaundo. California 

PHOTOGRAPH MUMBER 16 
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REPORT N O . 4 0  

PAGE NO. 46 

W Y  LE LABORATORICS/EI Segundo. California I 

PHOTOGRAPH NUMBER 17 

RADDAL ( A )  AXIS 
ACCECERWETCR L O C A T I W  

(RE-RUFJ) 
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TM-DSVbB-ENV-R5776 
Page E-47 

W Y L C  L A ~ O R A T O I I I C ~ / E I  Sdgundo. California 
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Page E-48 

W Y L C  LABORATORIKS/EI Segunda. California 

PHOTO(;K(APH NUMBER 13 

REPORT NO. 

PAGE NO. 48 

RADIAL (A)  AXIS 
ACCEl.EROMETER LOCATI opls 

(RE-RUN) 



W Y L C  L A I O R A T O R I  

REPORT NO. 32230 

PAGE NO. 43 
TM- WV4B -nvV-R5776 
Page E-49 

PHOTOGRWH NUMBER 20 

'IIANWTIAL (8 A X I S  
ACCkLERiMEffR L k ATIONS 



W V L  C L A l O  RATOR I CS/EI Segundo. California 

REPORT N O . a a O  

PAGE NO. 50 
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TANG&NTl&L ( 8 )  AXIS 
ACCCLEROMTCR LOCATI WS 
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Page E-52 

W Y L L L A  .O R A T 0  ff I l S / E l  Segundo. Californis 

PWOtOGRAPH NLIMBER 23 

REPORT NO. 32230 

PAGE NO. 52 



REPORT NO.- 

PAGE NO. 53 
TM-DSVbB-EW-R5'j"76- 
P q e  E-53 

W Y  L C L A  BO RAT OR1 CS/El Seuundo. C a l h m w  I 

PHOfOORAPH NUMBER 24 
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rage E-54 

W Y L I L A  .)ORATOR: E./ El Segundo. California 

REPORT N O . 4 3 0  

54 PAGE NO. 
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W Y L I[. L A  0 R A T 0  R I =./El Scgundo. CJtifOrnl8 
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PAGE NO. 55 
TM- DSV4B - ENV- ~5776 
Page E-55 

THRUST (C) A X I S  
ACCELEROMEl'fR LOCATl3ws 
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Page E-56 

WYL E L A B 0  RATORI =./El Scgundo. Caldorno 

REPORT NO. 32230 

5s PAGE NO. 

PHOTOGRAPHNWBEB 27 
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PAGE NO. 57 
TM- DSV4B- ~mV-R5776 
Page E-57 

W Y L  I: L A  .ORATOR( ES/EI %#undo. Cllifornir 

PHOTOGRAPH NUMBER 28 

THRUST (C) A X I S  
ACCELEROMTER LOCATIONS 
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TM- DSVhB- EIQV- 115776 
Page E-58 

W Y L t L A  BO R A T 0  R I =./El Scgundo. California 

PHOTOOLRAPH PIWSER 29 

THRUST (C) AXtS 
ACCELEROMETER LQCAflOlYS 



REPORT NO, 3 2 Z 3 L  
PAGE NO. 59 
TM-DSVLB-ENV-R’j776 
Page E-59 

W Y L R  LABORAYORIRS/EI Segundo. Califomla 

PHOTOGRAPH NUMBER 30 

WRST TEST SETUP 
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\'we E-60 

PAGE N 0 - d -  

W Y L C  I.ABORATOR~IIB/EI Sepndo. California 

3 



REPORT NO. 32230 

PAGE NO. 61 

PRge E-61 
‘PM-DSVI, B - ENV-85776 

PHOTOGRAPH NUMBCR 32 

f3CLLCndS DAtGQE AFTER MIRST TEST 
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PAGE NO. 62 

PHOTOCIH/I$H NUMBER 33 

BtLLOWS DAMAGE AFTLR BWzST TEST 
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WILL:  LABORATORltS/El  Segundo. Cslilornis 

32230 

'M-DSV4B- ENV-R5776 

REPORT NO. 

PAGE NO. 

p43@ E - 6 3  
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PAGE NO 64 
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Page E-66 REPORT NO. 32230 

L A I O R A T O R I  LS/EI SegundO. California 

PHOTOGRAPH NUMBER 37 

OERLECTlOlJ CYCLE TEST S E W  
Q 



REPORT NO. 3 2 2 3 0 .  

PAGE NO. 67 

Page E-67 
TM-DSV4B-ENV-R5776 

W Y  LE LABORATORILSfE I  Scpundo. California 

PHOTOGRAPH NUMBER 38 

PNEUMATIC ACTUATION SYSTEM 
REPEAT CYCLE TEST 



NOTICE OF DEVIATION 

LA~ORATORIKO 0 I L  #COUNOO. CALIF 'iM-DSV4B -m-R5776 
Page E-69 

TO: DOUGLAS AIRCRAFT COMPANY 

ATTN. M R .  V .  R .  W H I T E  

PART NAME ~ C L L O W S ,  , ~ R O P U L S I V E ,  F U E L  V E N T  

042 PART NO 1 A 7  5 1 52- 1 SERlAl  NO 

TEST F O R M A L  Q U A L  I r I C A T  I ON 

5 , 1 1  L?tCIfICATION To 86 , PARAGRAPH NO. 

NOT~F~CAT~ON MADE TO: M R .  Eo A L T E R W A C I  

OAT€ 3/25/66 M R. URCNE VtA V C R B A L  

SPECIFICATION REQUIREMENTSi 

P H A b C  A M 0  t Q U A L l Z l M O  C O N T R O L  S Y S T E M  C H E C K 5  T O  B E  
MADE W I T H  DUMUV S P f C l M t N .  

DESCRIPTION OF DEVIATION: 

D U M M Y  S P E C I . M E N  NOT A V A I L A B L E ,  P H A 9 f  C H E C K S  M A D E  V l T H  
B A R E  T I X T U R E S .  E Q U A L I Z A T I O N  AND f R O Q R A M  T A P E  M A O t  
V l t H  B A R C  r l X T U R C S e  ' 

SPECIMEN DISPOSITION -_ - 
COMMENTS - RECOMMENDATIONS: 

JISTRIBUTION: 
ORIGINAL QUALITY CONlROl a ) COPIES. CUSlOMLR J .  S C H U L T Z  

bo A L T E R M A N  l tsv  E N G I N ~ ~ W - ~ - - ,  R, U R C N E  lEST WITNESS: I COPY. JOB C.ONTRO1 
1 COPY USAFQAR 

J.  T O R C H I N  (All AF Controct~) RE?RE$ENItNG . D O u O L A S  A/C O ~ A N C H  HEAD 
I C 0 P Y : ~ L ~  
I cow:  O R l t 3 i W A L  N O T I C E  OF D E V I A T I O N  S I G N E D  B Y  T t i T  W l l N C S S  



TO: OWGL A$ AIRCRAFT COMP ANY 

' ATTNt M R .  V .  I?, W H I T E  
, 

- PART NAME B t L L o w 3 ,  P R o I u L s i v f  FUCL V E W T  

042 StRlAl NO , A n  NO. 1 A87 152-1 

TEST FORMAL Q U A L  I r I C A T  I on 

5.11 PAlAORAPH NO. SPECI~ICAPION 1TW8618 

NOTIFICATION MADE TO: E D  A l T t R M A N  , 

DATC 3/29/66 bv J. WOOD VIA V E R B A L  

SPECIFICATION REQUIREMENTS: 

A C C t L t R O W t T C R  NUMBER 7 Y I L &  O f  M O U N T E D  I N  THE 
D l O l C C T l O N  O r  V l O R A T l O N .  

OESCRlPtlON OF OWlATlON: 

? 

NOTE: C H A U G ~  T O  R A D . I A L  A X I S  ( A )  rrll NoTicr or 
I D E V I A ~ I O W  NUMMR 4. 

ORlGlNAlt OUAllTY CONTROL 
(3) COPIES: CUSTOMER 

I CO?YI 101 C O N 1 1 0 1  
1 COPY USAFQAR 

(AM AP Contract.) 
1 COPY: -6f lAMCH 560 
1 COPY: - 

WL lOVA 
OR I 



WILE JOB NO __ ... 
NOTICE OF DEVIATI'ON 

PO NO. ___ 

Y L I  UIORAtORlE@ 0 I L  B lOUNoO.  CALfP TM-DSVkB- ENV-R5'776 
Page E-71 

TO1 OWGcAS AIRCRAFT COM P ANY 

AlTN: . M R .  V .  R . ~  W H I T E  

PART NAME B E L L O W S )  P R O f U L S l V E  f U L L  V E N T  

042 SERIAL NO. PART NO. 1 A 8 7  1 52 - 1 

TEST F O R M A L  Q U A L I T I C A T I O N  

-r PARAGRAPH NO. 11028618 SPl!Cl~lCATION 

NOflFlCATlON MAOL 101 E,o A L  M A  a 

DATU 3/30/66 s'l R e ,  U R C M E  VIA V E R B A L  

SPECIFICATION REQUlRWtNTSr 

f y a g e  S W O C K S  A ?  200,, 90 149,. P e R  A X I S ' .  (C A x i s )  

OtSCRIPTION OF DEVlATIONi 

FOUR ) H O C K S  C A R R I ~ O  OUT - T H I R O  S H O C K  246 T A I L ~ O  T O  

NOTE: C H A N G E  T O  R A O I A L  A x i s  ( A )  P E R  Noricc or 

O P E R A T E ,  ( c  A X I S )  

D C V I A T I O N  NUMBER 4. 

~PECIMEN DISPOSITION CONt' lNUC TC8t  --- - 
COMMENT$ - RECOMMENDATIONS: 

iSTRlBUTlON: 
c ORIGINAL OUAlIIY CONTROL (3) COPIES CU310MCR 1 2  

1 COPY, JOB CONTROL TEST WiTNESS: F .Tyw 1 E Y  tNGlNLfP -R.l)srwr-. 
P COPY USAFQAR' 

(All AP Contracts) ' WPr~SENrlftG DOlJOf48 A/C B/ I INCH i F A 0  - 
1 COPY: W C M  5 6 0  
I COIII - @ I Q I W A L  N O T I C E  or O C V I A T I O N ' S I ~ N E O  ev  T E S T  W I T N C S $  

W l  IQ9A 



TO: OOUGLAS AIRGRAFT ~OMPANY 

ATTNi M A .  V .  R , . L [ H I T E  - 
- PART NAME B L L L O Y S ,  P R O f W L B l V C  F U ~ L  V E N T  

PART NO. 1 A87 1 52- 1 S l R l A l  NO. 042 

S t C C l l l C A T l O N  1T029618 PARAGRAPH NO. 5 1 1  

TEST f O R M A L  Q U A L  I I I C A T  I O H  

NOTlFlCATlON MADE TO: MR E AL " M A "  

DATE 4/1/66 ,v R .  U R I L N C ,  V I A  V C R O A L  

SPECIFICATION REQUIREMENTS: 

A r T t R  C O M C L E T I N Q  TU0 A X E 3  O f  T C S T I N O ,  D I R E C T I O N 8  8 A N D  c 
F I ~ U R ~  5 0r"TCD lf02861, A D I J C R C ? A N C Y  W A S  W O T E D  8 L T W L C N  
A X I S  O C l l N l T l O M  F16uRt  5 A N D ' A X I S  D C I C R 1 1 T 1 0 W  P C R  P A R A '  
O R A P M  5 * 1 1 * 3  

OtSCRlPVlON OF OEVlATlONr 

j SPECIMEN DISPOSITION CWT.  I _L 

+ 1  

1 

COMMENTS. RECOMMENDA~IONS: Rup [FiBwac 5 ,  * A x . i s  A A T  C L e v s E L .  Rrlruw F t o u n r  5, 
A x i r  C ' A T  ) 4 0 0 i r i C b ' A  L E V E L .  

i 
I 

i DISTRIBUTION: 
O R i t l ~ ~ l ~  OUALITY CONTROL 13). COPIES~ CUSTOMER 

1 COWS 101 C O N T R O L  
1 COPY USAFQAR 

(All AP Contracts) 
1 COPY, Bllancw 560- 
1 cow: 

* 1 4 1  * A A A  

J .  S C H U L T Z  
T C R M A M  lESl ENGIN1 f e TEST WlTNES3: . E a  A t  . .  

RIPRCSHJIING . ' OOUOLAS :A/c O R A N C H  HEAD 



NOTICE OF DEVIATION 

UDORATOI I ICO * RL 8IQUWDO. C 4 L t I  

TO: DOUGLAS A I RCRAFT C W A N Y  

M R .  V ,  R .  W H I T E  ATlN: 

-- PART NAME B C L L O V S ,  Paoruisivr: F U E L  V C M T  

?ART NO 1 AB7 152- 1 S O I A 1  NO 042 

TEST - F O R M A L  Q U A L  I r 1 C A T  1 ON 

s .11 ?AIAORA?H NO. lTO28616 SPLCIPICAIION 

NOTIFICATION MR. E D  A L T E R M A N  MADE TO: 

DATC R .  URCNC . VIA V ~ R O A L  

SPECIFICATION REQUIREMENTS: F t e u a t  5, A X I S  A ( F L I Q H T  A x i s )  L ~ V L L S  

S O I P A L  - C OWDS 

'5-44 C P S  - 0 . 0 4  I N ,  D A  20-2008 C P S  - 0.03 G*/CPS 
44-250 C I S  40 I t A H  200-280 C P S  = 22 O B / O C T A V E  

250-320 c c s  - 0,0013 I N .  D A  280-800 CIS - 0.36  
320-2000 c r a  - 7.00 P t A a  800-1500 CIS - -12 

17.5 B R W I  1 5 0 0 ~ 2 0 0 0  C P S  

600 S&OND5 

20-200 CPS - 0.012 +PS 
200-280 c i s  22 D B / O C T A V C  
280-800 c ~ 3  
800-1500 CIS -12 O B  C f A V f  

10 .8  G R W I  ~1500~2000 C * S  0.012 Q /CPS 

SPECIMEN DISPOSITION Gout f u w  TIST -. - 
COMMENTS . RECOMMENDA~IO~S. 

DlSTRlBUTlON 
ORIGINAL OUALlfY CONIROL a COPIES CUSTOMER 

R, U R E N ~ '  
3 .  T O R C H I N  

TEST WITNESS Lo A L T E R M A N  TEST CNGINffI) 

#6VItStNTING ___ 0 0 U 0 L A S  A/C B R A N C H  M I A 0  

I CO?Y IO6 CONlROL 
1 COPY USAPQAR 

I COPY --- . O R I Q I N A L  N * t c f  'or O C V ~ A T I ~ N  S I C N C O  a r . T c s r  Wirncss 
b a d ~  3 n a ~  



!CM- DSVbB-ENV-R5776 
WYlf 101 NO 

NOTICE OF OLVIATION 
Page E-74 

W V L t  LABORATORIES * C L  SSOUNDO CALW 

DESCRIPTION OF DEVIATION: 

F I G U R E  5 A x i s  A ' ( F L I G H T  A x ) $ )  

SIruaJuQ&L 
5-44  CPS - 0.04 IN. DA 

44-2000 C I S  - 4 . 0 6  ? t A K  

i 

RUN A ?  T H C  F O L L O W I N G  L C V L L S :  

20-200 C P S  - 
200-290 C P S  - 
800-1500 C P S  - 280-800 C P S  - 

1500-2000 Crs - 10,3 CLRMS 

600 S C C O N P S  

20-200 C I S  = 0.012 c Z / c r s  
200-280 C P S  0 + l O * o s /  C T A V C  
2800800 CIS - 0.036 o C P ~  4 6 . 6  O R W S  1500-2000 C P S  - 0.012 c / C P S  
800-1500 C ? )  O' - 5 . 5 ' D B  O C T A V E  



- ..-. -... . - . . - - .  

WYlf 108 NO 

NOTICE OF DEVIATION 

i 

WVLL UBORATORIII(I * I L  8COUNDO. CALI? 

Page E-75 
-.-_I_._I_ I 

TO: DOUGLAS A I RCRAFT COMPANY 

_. 
M R .  V ,  R .   WHIT^ ATTN 

-- PART NAME 6 C L L O W 3 ,  P R O P U l 9 l V r  FUCL V € M T  

042 
PART NO. 1 A87 1 52 - 1 S t l l A l  NO 

TEST F O R M A L  G U A ~  II I C A T  I ON 

S?fClllCATlON 1T02861B ?IRAGRAPH NO. 5 . 9  

NOTIFICATION MADE TO1 Eo A L t t R H A N  

OAT9 4/11/66 ey A .  S N Q V  VIA V E R B A L  

SPECIF ICATION REQUIREMENTS: 

DESCRIPTION OF OEVlATlONi 

'SPECIMEN DISPOSITION GONTIWJPT~ST -- UI 

COMMENTS RECOMMENDATIONS: 

DlSlRI8UTION: 
 ORIGINAL^ OUAtITY CONTROL 

(3) COPIES: CUSTOMER 

TL I COPYi JOB CONTROL 
1 COPY USAPQAA 



R E M A R K S  

E R O M E T E R  L'dCAf I O N :  D A T L  

I A ? ? R O V A t  F O R  C O N T R O L  METHOD F O R  . Q U A L f P l C A ? t O N  T E S T :  DAIE 

c 



L A  ' O R I K 8  , I '.., * c I 

f IXTURE CERTlF IO#flON FOR V I  8RATI ON TESTING 

A P P . R O V A ~  F O R  s P E e i u c N  O R I E N T A T I O N  A W O  A L . I C N M L N T :  D A T E  

C ?  

& P P R O V d L  F O R  A C C E L , C H O M E T f R  L O C A T  I O N :  O A V L  

3 - 2 . 6 - L G  

A P P R O V A L  F O R  C O N T R O L  METHOD f O R  f )UALI f  I C A T I O N  T E S T :  
P d a c  co #'&el& 



IM-DSVkB - ENV-115776 
Page E-78 

32230 . L" 

78 .. 

FIXTURE C E R T I F I C A T I O N  FOR VIBRATION TESTING 

A P P R O V A L  F P R  S P E C l M t N  O R I E I C T A T I O N  AND A L I G N M E N T 8  

k P P A O V A L  T O R  A C G C L C H B W L T E R  L O C A T  I O N :  

A d -  

D A T E  

3-29 - 6 6, 

A P P R O V A L  F O R  C O N T R O L  M E T H O D  W OR' QuAiir I C A T I O N ' Y ~ S T :  D A T E  

R ~ M A R I C S ~  .. 
. .  



. 



. I . .  , . . . .  

FIXTURE CERTIFICATION FOR VIBRATION TESTING 

A P P R O V A L  F O R  C O N T R O L  W E Y H O O  r O R  Q U A L I C  I c A T I o U  T t S T :  DAi r  

//-6-6 6 

R E W A R K S S  



APPENDIX A 
21rI-DSV4B-EHV-E5n6 
Pag~ E-81 

F O W L  QUALIFICATION TEST DATA SHEST 

Pre-test Inspection per paragraph: $2 
I. 

' c  Test, Ccnipleted (Date, .Time): &&7/2-9-& 

Test. Specimen Weieht.: . & 
, 



R E P O R T  N U M B ~ R  32230 
P A G E  N U M B E R  837 APPENDIX A 

F O N L  QUALIFICATION TEST MTA S m T  1M-DSVkB-ENV-R5n6 

Change Letter: c3 %st Procedure Drawing Eo: / T 0 2 ~ 6 1  

Jhnufacturer's S/N: o q  2 Test Plan Line Item: FQ-H-17 

Test Laboratory: I$ 

Douglas Test Representative: Date: I -  6 - 6 6  
Test Witne s s : 

Proof Pressure Test (Internal) Per Paragraph: 
I b U g h S  Q.C.  Customer Q.C.  

5. 8 - Af.ti3r Repeat Cmle Test [Pregsu: 

Test Specimen NO: I . 

~ e s t  Start (Date, W e ) :  / 0 4 - 6 6  0 4 0 0  

!Pest Completed (Date, %me)$ r-4-66 0915 

- 

Ambient Room Conditioner 
. .  

%mgE ra ture 
F 

- Dsta Sheets 
Total Complete ! b e t  

A t m .  Press. 
In. 9 abs. 

51 9.374 

. .  



!I'M- DSVbB-ENV-R5776 R E P O A T  N U M B S R  Page E-& APPENDIX A P A C E  NUMBER 8 4  
F O W L  QUAXJPICATIOR TEST DATA SHEET 

Part Munber: 

Test Procedure Drawing no: 17-0 2 @.&-I Change b t t e r :  f3 
/ A 87 (52- I 

Manuiacturer's S/I: 0 42 Test Plan Line Item: W-H- 17 

Test hboratory: ~ J U L F  L 4 B S  beet ion:  IVoKco . c ~ L ~ F .  

Douglas Test Representative: < Date: 46-66 
Test Witness: Sicipj 1 t'f ! 

Proof Pressure Test (Internal 1 Per Fsragraph: 

Test Specimen ~ 0 :  / Data Sheets 

v I 

U 

Douglas Q.C.  Customer Q . C .  

5 8 - After Repeat cycle ~ e 3 t  

3ompletc ~ e s t  5zz.i 
( I)e f lec tion ) 

*st S-rt ( h t e ,  Time): ~ S I S  1-s-66 
%st Completed (Ihte, rime): 1420 - /-s-dc 
Ambient Room Conditions: Temgerature 

F 
Atm. Press. 
In. Hg abs.  

; 

Gaseous Helium 



APPENDIX A 

~ 

Test Parameter 

R E P O R T  NUMBER 3 2 m  
P A G E  N U M 8 E R  85 

Units Re quire d Actual 

hnufec turer  ' s s/Nt o 4 2 Test P h n  Line Item: FQ-H-17 

4 4  
Pres sure Psi43 46(+2) - 
Time a t  Preesure minute 6 5 . 2 r  

Test Irrbora tory : WYLd b c a t  Ion : EA S L t u r / D o ,  CACtC.  

Doughs "est Representative: ..&?e: 4,/@+ 
, I  

Customer Q.C. 
Proof Pressure % 6 t  ( ihternal)  Per Paragraph: $ 8 -  After Vibration and Shock 

- Test Specimen No: f Data Sheets 

Test Sta r t  ( a t e ,  W e ) :  4-IJLLC /3#0 
Complete Teet Tota 1 

Ambient Room Conditions: Temgera t u r  e 
F 

Gaseous Helium, 

A t m .  Prer;s. 
In. Kg abs. 

emperature t OF 6 7  

Accept : ReJect : 

Comment : 



'1M-DSV4B-WV-R5~~END, A R E P O R T  NUMBER 32230 
P A G E  NUMBER 86 Page E-& 

FORMAL QUALZFICATIOR TEST DATA SHEET 

Item h e :  

Test Parameter 

h r t  Number: f A f 7 / 5 2 - f  

Test Procedure D r a w i n g  No: Z T o  z y  6 1 

hnufacturer's S/H~ o q a  Test Plan Line Item: PQ-E-17 

Test Laboratory: location: t'l- S.G~UAJP o 

change k t t e r r  & 

Units Required Actual 

Douglas Test &presentative: 

'&st ~ i t n e s s :  

kakage Test Per Paragraph: 
~0uglss e.c. 

Pressure psig 31(a2) 3 i  P b l ' 6  

kakage m a t .  SCCM 0.0 /ode- 
4 

- ~ e s t  Specimen NO; -2 Date Sheets 

~ e s t  start (Date, Time): 1130 am, 12-10 - GJ- 
Ca~plote llest Tota 1 

h b l e n t  Room Conditione: k m p p t u r e  
F 

kakane 

pera ture I F I 70 (&25 ) I L V =  I 0 

Accept: L, ReJec t : e 

Cament : J 

- -  

e 

6 



APPENDIX A 
R E P O R T  NUMBER 32330 

07 P A G L  NUMBER 

Item Name: 

)I'!nufacturer's S/Ht 042 Test Plan Line' Item: m-a-17 

Test laboratory: J$v CG CfiQS. Irocation: )30 Rco, c 9 L1'F. 

Douglas Test Representative: Date: / - 6 - 6 6 #  
Test Witness: 

Doughs Q . C .  Customer Q.C. 

kakage Test Per Paragraph: (9 - A f t e r  Repeat %St (-8SUre) 

- ~ e s t  Specimen No: I Data Sheets 

Test S t a r t  (Date, Time): 1-4-66 nQ30 
Ca~rplote 'Irest Total 

Ambient Room Condftfone: 'lkmpgrature a 

F 
A t m .  Press. 
In. & abs. 

Accept : ReJect: 

Corament : 



TM- DSVbB-ENV-R5’fi’6 R E P O R T  NUMDCR 32230 
Page E-88 APPENDIX A P A G E  N u N a f R  . 8F$ 

FORMAL QUALIP’ICATIOllr TEST DATA SHEET 

Item W e :  

Part Number: 

Test Procedure D ” a W i n g  HO: 

, 

Cbange h t t e r :  (3 I T 0 2 0  6 I 

Vsnufacturer ‘ 6  S/H: D 4 2 Test Plan Line Item: PQ-E-17 

T e s t  Laboratory: UvCe t ~ l o f ,  h e t i o n :  C\lo R L O .  CrlLIF 

Douglas Test Representative: b t c :  / - d - d d  
Test Wltnese: 

Irzakage Test Per &iregraph: 5 (9 - A f t e r  Repeat Cycle Teat (Deflection) 

- !test Specimen No: I hta Sheets 

Test Start (Date, Time): 1 - 5 - 6 6  1420  
Carplete Teat  Tote 1 

% s t  Completed (Datej !Pime): 1-5-66 I430 
Ambient Room Conditions: ’Ikmppturf! 

F 

Ieakage 
t 

% e t  Farcuneter b i t s  Required A c t u a l  

bccept : Reject: 0 

Cqment : 
e , 



R E P O R T  NUMBER 32330 
APPENOIX A P A C E  NUMBER 89 

FORMAL QUALITICATION TEST DATA SHEET "4-DSVLCB- Em-115776 

Item Name: 

Part h b e r  : I A f 7 / 5 2 - /  

Test Procedure Drawing No:  / T U  Z P G )  Change Letter: B 

hnufac turer ' e s/R t Q 4 2  % s t  Plan Line Item: PQ-E-17 
a 

T2st  Laboratory: u r y ~ ~  h a t i o n :  A?=L .S€buddo, C.+JU~~-  

Douglas Test Representative: 

Test Witness: 

hakage !Pest Per Psragraph: Sa9 - After Vibration and Shock 

Specimen No: / 

start  (Date,. Time): 4 -//- L& 1356 
Carplete Test 

Ambient Ram Conditions: 'kmpjjrature 
F L 

RH 
4 

- 4 7  

h a k a n e  

- hta Sheets 
Total  

A t m .  Press. 
h. Hg ab6. 

Accept : ReJect : J 

Camment : J 



!IM-DSV4B-EIJV- R5776 
PSge E-90 APPENDIX A 

R E P O R T  NUMBER 33230 
94 P A C E  NUMBER 

FORMAL QUAW;FICA!ITON TEST MTA SHEET 

Item Ham: 

Part Munbert /#87/s2-/ 
-6% hpcedure Drawing No: / T  0286/ Change Letter: /? 
hnufacturer's S / N : D ~ Z  ,  est Plan Line Item: 

%6t Iabozktoryt 

Douglas Test Representative: * k t e :  / L - L V - L S  

I 

bcationr &X S E ~ g ~ f i o .  CRL/E 

% s t  Witness: Fm 
Douglas Q.C.  

Flow Test Per Paragraph: fi/o 
Test Specimen NO: / . hta Sheets 

Test  Start  (DBte, Time): /2//6/65 
Complete Test T o t a l  

/bo8 
Test Completed (Date, W e ) t  / Z / , 6 / d S  /8 00 

Atm. Press. 
In. Hg abs.  

Ambient Roam Conditionet Tanpgmture 
F 

' 5 3  29.63 4 

Sheet 1 of 2 



APPENDIX A 
R C P O H T  N U M O E H  32230 

P A G E  N U M B E R  9 t  
TM- DSViCB - ENV-RS776 - .  . -  

% e t  Plan Line Item: 

Flow ’&st Per Paragraph: $10 

, 
I 

Sheet 2 of 2 
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R E P O R T  NUMBER 32230 
APPENDIX A P A G E  NUMBER 97, 

FORMAL QUALIFICATXOFJ TEST DAlcEi S E E T  TM- DSVkB-ENV-Rj776 

€ L  S € G U k 5 b - O *  'pe 6 t Iaborhory : W Y t E  Iocationr 

Douglas B e t  Representative: Date: 3 - t 4 - C 6  

Test Witness: Qer 3. tG'CG 
&U&66 Q o C o  

Vibration !bet Per -graph: 5. I I .#  
%fa Sheets - 

'CaapLate %et Total 
% s t  Specinten Not I 
Test S t e r t  (Date, Time): Z b M ~ W ~ & t S : O O  

Ambient Roam Condltlon~o 

70.0 

Atm.  Press. 
In. Hg abs .  

2 9.753 



TM-DSV4B-EIQV-fi57 6 R E P O R T  NUMBER 32230 
Page E-98 A?PfNOIX A P A G E  NUMBER 98 

FORML QUALIFICATION TEST DATA SHEET 

Vibration ' P e s t  Per hragmph: %st Plan Line Item: 

Random Vibration %6t 

I 

Sheet 2 of 3 



1 Vib ret ion 

APPENDIX A 

FORNIL QUALRICA!CIOH 

R E P O R T  N U M 0 E R  W 3 3 Q  
P A G E  N U M B E R  99 

Test Per Paragraph: ' Test Plan Une Xtem: FQ-H-17 

Sheet'3 of 3 



FORMAL QUALIFICATION TEST DATA SHEET 

Item Name: Bc//ou/J , u / c ; y f  F u e l  W c n T  
/ I 

P a r t  Number: / A  P 7YK.A- 1 

R E P O R T  NUMBER 
P A C E  N U H B f R  

Test  Procedure Drawing No: / T o  Zgd/B Change Let ter :  J' 

Manufacturer's S/N: d+L1, Test  Plar. Line Item: Fb( H I 7  

Location: E 1 s e p v / l  d o  
v 

Douglas Test Representative: Date: 3 - t L - b G  

Test Laboratory: 

Test  Witness? ' b- "/&,&'?* / ? Douglas-Q.C. Customer G ,C . 
Vibration Test  per  paragraph: 5-3 /I# 4- 

I 

A Test  Spec h e n  No : 

- Test  Start (Date, Time): 34&-6e/./7&,7 
Test  Completed (Date, Time): 3!9&4//737 
_ A b i e n t  Room Conditions: Temperature 

"F 
RH 
% 

Atm.  Press.  
I n .  'Ha abs. 

70 J 9 . 7 Y  

1 I 
I 

- Accept: Re Jec t : 



A P P E N D ~ X  A 

- - -  

T 

1 

1 
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I.. 
0 

A P P E N O I X  A 

T '1 

1 .  

i 



R E P O R T  
P A C E  

NUMBER 
NUMBER 

32230 
3 

FORMAL QUALIIPICATIOII TEST DATA SHEET 
Item W e :  

, Part kmbern I A S7lS2-I, 
Test Procedure Drawing No: T O  2%6l-r3 Cbange Iattcr: ”B . 

%et Iaboratory: b v L G  k a t  ion : EL T f G u a b o .  

Douglas Teat Reproeentativet Da t 3 - L C - 6 1 ;  
Test witness Qq <j, 6 5  

Cuetciner Q . C .  

Shock %et Fer Wragraph: g ,a 
- DstS Sheets 

Caplete %st Total 
Test Specimen Nor I 
Teat  start  (Date, Time): Z G y N  19 66 - “zcoo 

Tern rature BP Ambient; Roar Conditioner 

- 7- 

B. J 
Axi E Ori entati on : 

RE 
A- 
70 

A t m .  Press. 
In. Hg abs. 

2978 

Shock Test: 

/2 Sine Wave Pulse) 

Accept I ReJect : 



R E P O R T  N U M B E R  32230 
APPENDIX A P A G E  NUMBER 105 

FQRMAL QUALIFICATIOI TEST DATA S D T  TM-DSV4B -EZW-R577%11-J 
Item Name: 

Part Number: 

Test Procedure Drclwing No: ~ 

Manufacturer s S/N: O W  Test Plan Line Item:. FQ-H-17 

%nge Letter: 

1 . 5 e v u n d b  @$-?y: b t e :  3-27-Gb 
Te s t hboratory : tu,'xE . 
Douglas Test Representative: , 

T e G t  Witness: 3-1Cr-GG 
Douglas C4.C. 

Vibration Test Per Paragraph: 

Data Sheets - *st Specimen NO: 1 
Complete Test T o t a l  

Test Start  (Date, Time): .?-A?- G 6 a/%/ 
a s t  Completed ( m e ,  Time): 3 - Z f - 6 6  223s  

Ambient Room Conditionst %mppiture 
F 

Atm. Press. 
In. Hg ab6. 

29.79 



0 z 
Q - 

A P P E N O I X  A 

_I 

I I  

REPORT NO. 32aQ 

106 -- 'Mi( No. 



APPENDIX 4 
Q ~ P O R T  Nuwers 

P A G E  NUMBER 107 
TM- DSV4B -m-R5776 
Page E-lOi' 

FOMViL QUALLE'ICATION TEST DAT/ SHEET 

Vib ra t ion  Test per paragraph: / / ,  3' 
T e s t  Specimen No: 1 
Test S t a r t  (Date, Time): 3-27- 66 
Tes t '  Completed (Date, Time):3-JOI&6 00#3 

Ambient Room Condit ions:  Te:r!pertlt;ure 
"F' 

6-67 

A t n i .  P r e s s .  
In. Hg a b s .  

lja ta Hecca-d Xiii:.!jer 
T e s t  Parameter a Magnetic Tape Oscillograph X-Y P lo t te r  I 



R E P O R T  NUMBER 3233Q 
E-108 APPENOIX A P A G E  N U M B E R  IO& 

TM-DSV4B- m-115776 

FORMAL QUALIFICATIOIJ TEST DAW S€iEET 

’,Vibration Test Per hragraph: Test Plan Line Item: FQ-11-17 

Random Vibration l k s t  

A m p l r e  1 Duration 
Seconds 

0.03 C /cps 120 0 (225 1 equlred 

c tual 

equired 

e qui red 

I kctua l  

bequired I A I 280 t o  8 k  

IActual I \ 
bequired I A I 280 t o  800/’ 

/ 

Actual 
, 

ctual 
I 

bequired I A/ I 1500 to 2000 

bequlred I B and ‘C 20 t o  200 

bequired I B and C 20 t o  200 

equired 10 db/octave I 720 I7O(f25) 

bequired B a n d C  I 280 t o  800 

Sheet 2 of 3 



R E P O R T  NUMBER 32230 
APPENOIX A P A G E  NUMBER 109 

TM-DSVkB -nW-R5776 FORMAL QWLPXCATIOR TEST DATA SBEET page E-109 
Vibration Test Per Psragseph: 5; 11, % e t  Plan Line Item: FQ-4-17 

I 

Sbeet'3 of 3 



t- 
W 
W 
I zv) 

0 
I-I- 

‘ W O  m 
I- 

-a 
u a  

3E 

1 

REPORl NO _ .  

. .  



R E P O R T  N U M B E R .  32234 
APPENDIX A ' P A G E  NUMBER 

TM- DSV4B- 
paae E-UI FOlRHAL QUALIFIWTIOR TEST DATA SHEET 

n 

I t e m  

Wnufacturer ' 6 S/E: 043 %st Une Iten: FW-17 

Te 6 t Iaboratory : 

Douglas 'bet Repreeentetiver 

%?st VitnC66 f 

Shock Test Per Ibragraph: 67 Id 
Test Specimen ha I 

Ambient' Roorr Conditioner Teqrature  
P 

'71 

.Axis Orientation: C 

- Data, Sheets 
Cosnplek Test Total 

RE 
A- 
74- 

Atm. Press, 
h. Hg e.bs. - 
29.8 

/2 Sine Wave Fulee) 

Accept: ReJect t 

Caxunente: 



TM-ISBV4B-EHY-R5n6 R E P O R T  NUMBER 
*%@ E-u APPENDIX A - P A G E  NUMBER 

F W L  QUALIFICA!l'IOH TEST DAW SIIEET 

Item Name: 

Por t  Number: 

Test Procedure Drawing No: /TO 3 R b / B  Change Letter: 3 
knufacturer's S/N: Oda Test Plan Line Item: FW-17 

%fit laboratory : E L  SF&ClddO 
Douglas Test. Represe 

Test Witness: 'i 

Vibration Test Per Paragraph: 

by? -'I -bL 

Customer Q.C. 

Ambient Roam Condltfones !Cemppture 
F 

-.BY 

A t m .  Press. 
In.  Hg abs. 

Vci. f( 

AcceDt : Re-lect t 

Sheet 1 of 3 
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TM- D3V4B - m-R5776 
J3-114 APPENDIX A 

R E P O R T  NuMecR 33230 
P A C E  NUMBER 114 

FORMAL QUAIJFICATIOH TEST DATA SElEET 

Vibration Test Per Paragraph: 3”. 11. 5- Test Plan Line Item: l%) - H - l T  

Random Vibration Test 

Sheet 2 of 3 



R E P O R T  N U M B E R  g?30 
APPENDIX A P A G E  NUMBER 115 

TM-DSVbB-ENV-R5'i"j'6 
PORWAL QUALfFICATIOlrl TEST DATA SHEET Page E-U5 - 

Vibration Test Per Paragraph: 3: sr Test Plan Line Item: FW-47' 

Duration 
Geconds 

720 

600 



TM-DSV4B-ENV-R5776 
Page E-136 APPENDIX A 

R C P O R T  NUM6ER m 3 0  
P A G E  NUMBER 116 

PCIR)(AL QUALIPXCATIO llIEST DATA SBEET 

Item IFtsme: 

Part  Euniber: I A $7152-1. 

Test procedure -wing  or 1 TO 2 8 6i - g  b t t e r :  73 
knufacturer 6 S/E: 0 42 !bst plan Line Itemt FW--17 

Teet Laboratory: EL =GvmbQ,  . 

Douglas Teat Representative: h t e ;  V - 3 4  
Te s t W i t  ne e B 

Cuetaaer Q . C .  

Shock Teet Per hragreph: $7 12 

AmbfenL Room Condltloner Temppture 
F 

Axis Orientation: t!+ 

RE sc 
QS 

Shock Test: 

~ ~ 

Accept t ReJect: 



0 

R E P O R T  NUMBER 
APPENDIX A P A G E  NUMBER 112 

FORMAL QUALIFICATIOA TEST DATk S m T  TpII-DSV4B -nW-R5T76 
Item M e :  

i Part Number: 

Tes t  Procedure D r a w i n g  No: 

Manufacturer's S/N: 0 42. Test Plen Line Item: FQ-€i-17 

Change Letter: 

Douglas Test Representative: Date: /r( -4-66 
&.;I .b c. Test Witness: .- .\ . A 

Douglas Q.C.  Custom@ q.co 
Vibration Test Per Paragraph: 3 7 //. 4 

- Data Sheets ~ e s t  Specimen NO: I 
Complete Test Total  

Test Start ( h t e ,  Time)! 4 - 6 ~  6 L Z?u+ 
~ c e s t  Completed (mte,  ~ i w ) :  94-6 G ; Z W Q  

Ambient Room Conditioner 'Jkmppture 
F 

A t m .  Press. 
In. H& abs. 

Axis Orientation: R d ;  a I (Q > 

I 

I Required 100 320 t o  2000 7.0 G's  Peak 

Accept: Redect : 
I Coppslent : 

Sheet ,  1 of 3 



TM-DSV4B -ENV-R5776 
E-n8 APPENDIX A 

FORMAL QUALIFlCATIOIJ TEST DATA SHEET 

R E P O R T  NUMBER 3 2 w  
PAGE N U M B E R 1 1 8  II 

Vibration %6t Per Paragraph: Test PLan Llne Item: FQ - H- 17 

Sheet 2 of ,# 



APPENDIX A 

FORMAL QUALDXCATXOR TEST DATA S D T  

Vibration Test Per bragraph: Test P l a n  Line Item: FQ-H-17 

Required 

Actual 

Required 

Actual 

Required 

JActual a 
I I 

Accept: &deet: 

Comment 8 : 

Sheet 3 of ' 3  



A P P E N O  I x A 

VI 
c 
z 
W 
I 
L 
0 
V 

c 



I& I 
0 

. 

Y F W W I  PIO 

I 

A P P E N D I X  A 

F 



TM-DBVJ+B-EMv- R5776 
Page E-J22 APPENDIX A 

FORMAL QUALIFICATIOH TE%T DATA SHEET 

R E P O R T  NUMBER 32230 
P A G E  NUMBER 122 

Psrt Number: / A 8 7 / 5 ; t - /  

T e s t  Procedure Wiring Not / rOcEfd /  Change Letter: 8 

knufacturer ‘ 8  S/Nr 0 4a Teet Plen Une Item: F Q - H - ~ ~  

Douglas %st  Representativet 

Cuet&r Q.C.  
B u r s t  %et Per Psragraphr 5 . f 3  

- Test Specimen Not / Data Sheets 
Cauplcte Test Tota l  

Test Start (Date, % e ) :  C-//-tc: /43a 

hbi tn% Roam Conditions; 

I Test Parameter 

L 5  

A t m .  Press. 
I n .  Hg abs. 

29-12 

Unite I Required I Actual 

F L 7  
0 Temperature 

Z O O  Yressure Rise k t e  psi/ndnute 500 max. 

Time Minutee I 

I 



R E P O R T  NUMBER 32230 
APPENDIX A P A G E  N U M B E R  123 

FORMAL QUALIFICA!I!ION TEST DATA SKEET I?M- DSV4B -m-R5776 

‘ Part Number: / r 9  8 7 / 5 2 - /  

Test Procedure Drawing No: 1 7 - 0 2 8 d f  Change Letter: B 

Msnufactarer ’ e S/N: 0 4.2 Test Plan Line Item: FQ-H- 17 

Test Laboratory t w yLG Location: 

Douglas Test Representative: ”I(. &+Lb b t e t  .9-7-46 . 

Test Wltneesr 
W + 

DCAS:QAR TEST VERIFICA  ION ;4’: Douglas ( L S Q  Q . C .  . Customer Q.C. . - - -  
Sprinp. Rete Test Per Paragraph: 5* /# 

Test Specimen No: 1 Data Sheets 
Complete Teet Total 

Test S t a r t  (Date, %m)r 4-7 -46  / L  16 

Test Completed (Date, W e ) :  qd7-L.6 /t 50 

Ambient Roan Conditione8 . %mpgrature 
F 

A t m .  Press. 4” In. Hg abs 

Accept 11 Reject x 



TM DSV4B-ENV-R 
Page E-124 %%ND I X A 

FORMAL QUALIFICATION TEST DATA SHEET 

R E P O R T  NUMBfR 32230 
P A G E  NUMBER 124 

Test Procedure h-aving Nor I T 0  Z861 Change L t t e r :  

Panufactclrer's S/N: 0 42. Test Plan Line Item: FQ- H- 17 

"est Lnboratoryt W v C j Z  b c a t i o n :  E L  %CYUC/DO C 4 L  /f= 

Douglas Test Representative: R: J2kL-e h t e t  1 2  */i-L\' 

Test Witness; . .  

Spring Rate Test Per Psragraph: s 4 4  

1 'I 

Douglas Q.C. Customer Q.C. 

mta 
Complete Test 

Sheets Test Spec h e n  No : 

Test S t a r t  (Date, Ti.me): / ~ - / / - b $  / / S O  * 

Test Caapleted (DBte , Time ) : 1 2  -/I4 

I 

1 

Total 

!kmpgrature 
F 

RH 
4 

64 

A t m .  Press. 
I n .  lig abs . 
29: 93 

Spring Rate Test 

Temperature OF 

Re qui red I 
bctual  

64- 

Calculated 
Specimen 
Spring Rate 

1 

Axial Compression (In. ) Force ( lba )  

q d  .o 



R E P O R T  N U M B E R  37330 
P A G E  NUMBER 125 APPENOIX A 

F O W L  QUALIFICATIOH TEST DATA SHEET ~ - ~ V 4 B - ~ - R 5 7 ? 6  

Item &me: 

Part lJumber: / d  437/52-/ 

Ter,.t Procedure Drawing No: / T 0 2  8 6  / Chdnge Letter: /3 

knufacturer's S/N: ~ 4 2  Test Plan Line Item: FB-H-17 

Test Iaboratory: && Le /A a orampi ~f Lacation: L O ,  C f l & / F  

Douglas Test Representative: 

Test Witness: 
Cudtcuner Q.C.-' L 

Pressure Cycle Test Per Paragraph: .G v i5.2 

Test Specimen No: 1 - Data Sheets 
Complete Test Total - 

Test Start  (DBte, Time): 1- 3 -  46 a400 

%s.t Completed (Date, 'PYme)r I -  3-66 1445  

Ambient Room Corvllftionsr 

'70 

REI 
k_ 
5 9  

Atm. bess. 
In. I& abs. 

z 9. z z 4 

Pressure Scale: 

Paper Speed : 

Time Scare: 

Accept: ReJect t 

Comments : 



R E P O R T  NUMBER 32230 
APPENDIX A P A G E  NUMBER 126 

IM-DSVbB - E1BV-R5n6 

FORMAL QWLIPICATION TESTS DATA SEIEET 

Msnuiacturer's S/Nr 0 4  Z Test Plan Line Item: FQ-H-17 

Test LaboA tory: 

Douglas Test Representative: 

 est ~ i t n e ~ ~ :  
Douglas Q.C.  

Deflection Cycle Tkst Per Paragraph: 5. 15.4 
Test Specimen No: I b t a  Sheets - 

Camplete Test Total 
Test S-rt (Date, Time): 1- 4- 66 r 4 l S  

Test Completed (Shte, Tlme)s 1 - S - 6 6  !ZOO 

Ambient Room CondfLlloraso 

Required 70 ($5 ) 0 

Tempgrature 
F 

60 

6 7  

A t m .  Press. 
In. Hg abs. 

2% 3 2  0 

ZQ.42 

I 

150 4 15/16 t o  1 l/S 1 5/16 
t o  15/16 

Accept: Reject: 

Comments: 



Douglas ! k s t  Pfepresentativet 

Tes t  Witnees:* 

Post Test Inspection Per Paragraph: 
Customer Q. C . 

_ _ F _ *  

Data Sheets 
(- 

Test Specimen Eo: - / 
CwipleZ;e T e s t  A k a  ‘ 

T e s t  Start (Cate, !Pirim;: 4- // - h$ /7:00 
Test Completed (Date, W e ) :  gd//-,b6 
Corrslent 8 : 

/ I  /J’ 

l u e v t  -xw 7LJ? 

Conclusion: 
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PAGE N U M B E R  131 P&@ E-19 

1 
APPENDIX A 

2 3 4 5 6 7 8 9 1  2 

, ~ ( ,  

3 4 5 6 7 8 9 1  2 3 4 5  

I 
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R E P O R T  ~ u ~ ~ ~ ~ .  32230 
PAGE NUMBER 

APPENDIX A 

. .  . .  

. .  L' R A D I A L  ( A )  - SEE M T I C E  OF' DEV I A T  I QAI I 



I -  
&-DSVkB-wV-R5776 R E P O R T  NUMBER 32230 
Page E-133 P A G E  NUMBER 133 

1 
APPENDIX A 1 

E  RAD^ AL ( A )  - S t t  ,Not  I C t  OF D r v  I A T  I ON 



R E P O R T  N U M B E R  

APPEND! X- A 

’ I  
I 

*SHOULD BE R A D I A L  ( A )  - SEE N O T I C E  OB D E V I A ’ T I O M  #4 



. -. . _. - . .. . 
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R E P O R T  NUKBER 32230 
PAGE NUMBER 136 

APPENDIX A 





DSV4B- Emtr- R5776 
Page E-13t3 

I 

R E P O R T  
PAGE N U M B E R  

APPENDIX A 

32230 



d 

01 



-DSV4B-E;IIN-R5776 
Page E-146 

c 

61 

i . ._ --. 
R E P O R T  

P A G E  
U M B E R  32230 
U M B E R  

APPENDIX A 

I 



8 
0 

.- . . .. 

! Po 25 X@ J-&C / A I ’  f i b  f U &  

TM-DsV4B-ENV-R5n6 ; ? E P O R T  N U M B E R  32230 
P ~ G E  N U M B E R  141. Page E-141 

f APPENOIX A 
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I 
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PAGE NUMBER 144 

I APPENDIX A 



I 

1 2 

I 
‘Izfir-DSV4E-ENv-R5776REP O R T  N U M B E R  32230 
Page E-145 P A G E  N U M B E R  145 

t APPENDIX A 

6 7 8 9 1  2 3 4 5 6 3  
0 
0 
0 
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TM- DSVbB- arV-R5776 
Page E-146 R E P O R T  N U M B E R  32230 

P A G E  N U M B E R  146 

APPENDIX A 

- 

- 



APPENDIX A 

, 



. 

I 

I 
R E P Q R T  NuMstR 32239 

PAGE NUMBER.  148 

APPEND'IX A 



l%-DsV4B-~-R5736 R E P O R T  N U M B E R  .. 
Pke E-149 P A G E  N U M B E R  . 149 

1 
I 'APPENDIX A 

i 





TM-QSV4B-ENV-R!jn6 f? E P 0 R T N U  kl BE R 
pag i  E-151 P A Q E  NUM-BER -151 

! 

8 APPEND I X - A  

8 
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TM-DSVkB -E'J?V-R5776 
Page E-253 

i e 

I 

a J U L Y  12, 1966 

D O U G L A S  A I R C R A F T  C O M P A N Y  
3000 O C E A N  P A R K  B O U L E V A R D  
S k N T A  MON I C A ,  C A L  1 F 0 R N . I  A 

ADDENDUM TO REPORT if32230 

P , T T E N T I O N :  M R .  JOHN S C H U L T Z  

R E F E R E N C E S : '  YOUR P U R C H A S E  O K D L R  N U M B E R  TBM 8301A 

W Y L E  L A d O R A T O R l E S  dot3 N U M E E R  32230 
R E P ~ H T  N U M B E R  32230 
G O V E R N M E N T  C O N T R A C T  N U M B E ~ ~  NAS 7 - 1 0 1  

G E N T L E M E N :  

P U R S U A N T  T O  Y O U R  REQUES.T T H E  E N C L O S E D  S H E E T S  L I S T  T H E  
V O L E R A N C E S  OF T H E  E Q U l  P M E N T  U T  I L I Z E D  I N  THE; P E R F O R M A N C E  
OF T H C  T E S T S  ON A B E L L O W S ,  P R O P U L S l V E  F U L L  V E N T , ,  P A R T  
N U M ~ E R  1A87152-1, L INE I T E N  FQH-17. 

F A C  I L I T Y :  E L  S E G U N O O  

D E P A R T M E N T :  
D E P A R T M E N T  M 

T E S T  WITNESS: 
GUALI  T Y  C O N T R O  
WAS-QARr  

E N C L O S U R E S :  A D D E N C ' U M  S H E E T S  ( 5 P A G E S )  

., . .  
, . * ' ' I  

BLOCK D I A G R . A M  F I G U R E  OF R E P E A T  
A N D  P R E S S U R E  C Y C L E  S E T U P  



1 # - 
V I B R A T  I ON E x c  I T E R 

V ~ B R A T I O N  E X C ~ T E R  

V I B R A T I O N  E X C I 7 E R  

P O W E R  A H P L ~ F  l E k  

P O W E R  A M P L  I F  I E R  

P O W E R  A M P L I F I ~ R  

A U T O M A T I C  V I B R A -  
T I  ON C O N T R O L L E R  

k U T O M A T l C  V l 8 R A -  
T I  ON C O N T R O L L E R  

A U T O M A T I C  V I B R A -  
T I O N  C O N T R O L L E R  

L),ANRQM C Q N S O L E  

R A N D O M  C Q N S O L E  

5093 

10016 

'31280 

6375 

6i37 1 

637 4 

6613 

623 6 F R E Q U E N C Y  
f4$ M E T E R  

F R E Q U E N C Y  
f4$ M E T E R  

627 1 

... 
653 4 

6812 

30581. 

k0.5 D D  

0-368 1 3 
5-3000 H Z  

e 3 AM-PM M U L T I P L I E R  

AM-PM M u L B i P L l E R  

31010 f l $  F,S. 
DC-3000 H Z  

&I$  F S .  
DC-3000 H Z  

3 1009 

&2$ F.S. 
DC-3000 H Z  

S/N 10 
R E N T A L  

AM-PM M U L T I P L I E R  

V O L T M E T E R  5 2 %  F.S. 63 56 

fl$ 
10-5000 H Z  

453 0 C H A R G E  AHPL I F  I E R  

C H A R G E  A M P L  I F  I ER 

C H A R G E  A M P L I F I E R  

1 
C H A R G E  A H P L I F I C R  

i C H A R G E  A M P L I F I E R  

\ 
1 

452 9 

*I $ 
10-5000 H Z  

453 1 

4532 

4533 



P A G E  2 Of 5 
'IN- DSVJ-tB -ENV-R5776 
Page E-155 

C H A R G E  A M P L l F l E k  4549 

C H A R G E  A M P L  I F  I E R  99960 

C H A R G E  A M P L  I F  I El3 95964 31s 
1Q-5000 H Z  

C H A R G E  A M P L I F I E R  

CHARG;  A M P L  IF I E N  

A W P L J F  I E R  

T A P E  R E C O R D E R  

OS c I L L O G  R A P  H 

A C C E L E R O M E T E R  

Ace E L  E R O M E T  E R  

' A C C E L E R O M E T E R  

A C C E L E R O M E T E R  

A C C E L E R O M E T E R  

+ A c  c E L E H O M  E T E R 

/ 

A C C E L  E R  O M €  T E R  

k C C E  L E R  OWE T E K 

A C  C E  L E R O M E  T E R 

A C C E L E R O M E T E R  

A C C E  L E H  O M E  T E R 

A C C E L E R O M E T E R  

~ C C E L E R O M E T E R  

A c c  E L  E R  O M E T  E R  

93966 

99967 

99962 

4668 

S/N 509 

1085 

6437 

6438 

68137 

4376 

63 42 

63.43 

6791 

67 93 

6796 

67 9 4  

67.95 

f l $  
10-5003 H Z  

f.l$ 
'10-5000 H Z  

f2$ L I N E A R I T Y  

e4f: L I N E A R I T Y  

&.?$ L I N E A R I T Y  

Q,% L I N E A R I T Y  

e$ L I N E A R  I ' T Y  

L I N E A R I T Y  

Q$ L I N E A R I T Y  

s$ L I N E A R I T Y  

e$ L I N E A R I T Y  

k?$ L I N E A R  I T Y  

L I N E A R I T Y  

e;;% L l N E A H l T Y  

Ai?$ L I N E A R I T Y  

" R E P L A C E D  A C C E L E ' R B M E T E R  ON 4/2/66 - hi'\ 6438 



V O L T M E T E R  i 6 469 

V O L T M E T E R  6823 53% res.' 
6513 F .s. f 4 V O L T M E T E R  

4 ' V O L T W C T E R  

V O L T M E T E R  
;i 

3 V O L T M E T E R  

3 
4 

o s c  I L L O S C O P E  

o s c l L L o s c o P c  

-19 

1 
1 O S C ~ L L O S C O P E  

/+MPL I F  I t H  

5304 

5523 

6597 

6456 

6535 

653 6 

6504 

P O W E R  S U P P L Y  

* W A V E  S N Y T H E S  I Z E I ~  

* * W A V E  S N Y T H E S I Z E H  

O S C i  L L O S C O P E  

O s c i ~ ~ o s ~ o ~ E  

X-Y R E C O R D E R  

A H P L  IF I E R  

A M P L I F I E R  

: 

I 

6 493 

661 5 

30934 

6770 

553 5 

6175 

6177 

3178 

L A  ' * U S E D  F O R  R A D I A L  ( k )  A N D  T H R U S T  ( c )  A X E S  S H O C K  T E S T S  
**USED F O R  T A N G E N T I A L  (8 )  k i X I S  S H O C K  T E S T  

I 



A P P A R A T U S .  

L O G  C O N V E R T E R  

S W E E P  O S C I L L A T O R  1036 

FR E Q U  E N  c Y c ON V E R T t R 4354 

E L E C T R O N I C  C O U N T E R  5 42 7 

W A V E  A N A L Y Z E R  6280 

W A V E  A N A L Y Z E R  b/N 183 
R E N T A L  

S T R  IP -CHART H E C O R D E R  432 0 

MAN O M E  T E R 3568 

P R E S S U R E  G A U G E  42 57 

P O K T A B L E  P O T E N T  I O M E T E R  222 1 

M A N O M E T E R  357 4 

" J  1 P R E S S U R E  T R A N S D U C E R  S/N 156 

P R E S S U R E  T R A N S D U C E R  2512 

PR E s s u R E. TR A N S  D u c c 13 S/N 10156 

P R E S S U R E  T R A N S D U C E R  S/N 354 

P R E S S U R E  T R A N S D U C E R  ' S/N 493 

P R E S S U R E  G A U G E  G1103 

P R E S S U R E  G A U G E  

P R E S S U R E :  G A U G E  

S T R I P - C H A R T ' R E C O H D E R  

P R E S S U R E  T R A N S D U C E R  

P R E S S U R E  T R A N S D U C E R  

D E A D  W E I G H T  T E S T E R  
T a P R E S S U R E  G A U G E  

P R E S S U R E  G A U G E  

(21104 

42 13 

G1051 

5438 

667 5 

G1187 

GI046 

G1044 

fo.5 D Y  

fl C O U N T  

N/A 

s . 1  I N C H  

fo.255 F.S .  

10.03% 

ko.1 i N C H  

N/A 

N/A 

N/A 

N/A 

N/A 

iO.5$ F.S. 

f0.2S$ F.S. 

&O.TS$ F . S .  

N/A . 
N/A 

N/A 

0.1% OF I N D I C A T E D  

ko.25$ F.S. 

,rt0.25$ F.S. 



TPI-DSV4B-E;1W-R5776 
page E-158 

i 
A P P A R A T  v~ 

D E C A D E :  f ? E $ l S T O R  

P R E S S U R E  G A U ~ F :  

P R E S S U R E  G A U G E  

P R E S S U R E  G A U G E  

P R E S S U R E  G A U G E  

1 P O R T A B L E  P O T E N T I O M E T E R  

2G63 

41 83 

41363 

G1055 

G505 13 

30045 

P A G E  5 O F  5 
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